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INTRODUCTION 
Increasing environmental awareness has focused attention on the importance of 
natural ecosystems and the consequences of the loss and fragmentation of these natural 
systems. Few regions have lost as much of their native vegetation as the North American 
midwest. Once a vast sea of tallgrass prairie, the Midwest has been converted almost 
entirely into fertile farm fields. In recent years, however, more individuals and organizations 
have discovered the potential value of the tallgrass prairie ecosystem, and prairie restoration 
has become more common. Roadside revegetation programs are now underway in several 
states, and small-scale prairie reconstructions for conservation, education, recreation, and 
wildlife habitat are widespread. Throughout the Midwest, there is an acute need and interest 
in creating new prairie areas, as well as in preserving the small prairie fragments that still 
exist. As a result, the field of prairie restoration, although still in its infancy, is growing 
rapidly. 
Prairie restoration encompasses both rehabilitation and reconstruction. While 
rehabilitation involves the enhancement of an existing native prairie remnant, reconstruction 
entails the complete reestablishment of prairie vegetation (typically through the planting of 
seeds) on land where native vegetation has been removed by plowing or other disturbance. 
While objectives differ slightly with different projects, the ultimate goal of most prairie 
reconstruction efforts is the establishment of a stable and self-sustaining prairie community. 
Because the tallgrass prairie owes much of its stability and resiliency to the complex and 
intricate relationships among its various floral and fauna} species, biodiversity is now 
generally regarded as the most reliable indicator of prairie quality (Frank and McNaughton, 
1991; Tilman and Downing, 1994 ). Many reconstructionists have noted that, once the 
vegetation is established and most available soil space is occupied, it is very difficult to 
increase the diversity of desirable prairie species. It is, therefore, critical to establish high 
diversity as early in the reconstruction process as possible. But, promoting high species 
diversity in new prairie reconstructions is a problem that is particularly vexing for 
reconstructionists. Many prairie forb species, in particular, may have very precise planting 
depth requirements for optimal germination and emergence. And, after emergence, prairie 
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seedlings typically face strong competition from weeds for light, moisture, nutrients, and 
other resources. This competition from weeds is a strong impediment to establishing high 
prairie species diversity. 
Over the last four decades, some knowledge of the different stages in the 
reconstruction process (e.g., site preparation, sources and handling of seeds, planting 
techniques, and management techniques) has been accumulated, as evidenced by a number of 
recent "how-to" books on the subject (Thompson, 1992; Shirley, 1994; Packard and Mutel, 
1997). Much of this knowledge, however, has been gained through simple trial-and-error, 
and exists only in the form of general guidelines. For example, managers generally assume 
that, because of seed size differences, native grasses and large-seeded species may benefit 
from drilling of the seed into the ground, whereas smaller-seeded forb species may benefit 
most by having their seed only lightly raked into the soil. In addition, mowing is recognized 
by managers as an essential post-emergence tool for controlling weeds and establishing 
native prairie species in the critical early stages of a reconstruction (Schwarzmeier, 1970; 
Thompson, 1992; Shirley, 1994; Packard and Mutel, 1997). Mowing limits the success of 
the aggressive ruderal (i.e., weedy) species that typically are present on a reconstruction site 
and reduces the effects of competition from these species on the slower-growing native 
seedlings. 
However, specific seeding and mowing treatments have largely gone untested, and 
we still know little about which specific methods are proven to work and why they work. 
Some preliminary studies on different mowing treatments are yielding interesting results. 
O'Keefe (1995 and 1997) has suggested that more frequent mowing may enhance the 
establishment of native prairie species more effectively than less frequent mowing. Diboll 
(1984) has suggested that mowing prairie vegetation as short as possible may be an effective 
way of controlling exotic species, particularly when burning is not feasible. Bragg and 
Sutherland (1988) have suggested that mowing may have positive effects even well beyond 
the first year of a reconstruction. Experimental studies like these, however, are rare. Of 
those that do exist, most have been done in the context of assessing productivity of range 
grasses for pasture or hay. Researchers with an ecological perspective have paid little 
attention to the effects of cutting height (vegetation height after cutting), and cutting 
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frequency on prairie vegetation. Many more studies are needed that experimentally test the 
effectiveness of specific seeding and mowing techniques. 
In 1997 and 1998, the Neal Smith National Wildlife Refuge (NSNWR) provided a 
unique opportunity to test experimentally various seeding and mowing treatments on large 
tracts of newly-reconstructed prairie. My specific study objectives were: 1) to test the 
effects of different seeding treatments, involving different planting depths, on the 
composition of the early plant community and 2) to test the effects of different mowing 
treatments, involving different pre-mowing vegetation heights and cutting heights, on 
recently-planted prairie vegetation. 
I was particularly interested in the effects of mowing and seeding treatments on the 
richness and diversity of desirable species in new prairie plantings, as well as on the overall 
floristic quality as reflected by changes in desirable species richness and diversity. The main 
question I asked was: are there specific seeding methods and mowing treatments that 
promote greater prairie species richness, diversity, and floristic quality in a new prairie 
reconstruction? Throughout the study, the null hypothesis was that no single seeding or 
mowing treatment, or combination thereof, would lead to community composition 
significantly different from any other seeding or mowing treatment. 
Both seeding treatment and mowing treatment were expected to have significant 
effects on first-year plantings. Based on differences in seed size, deep seeding was expected 
to confer a strong advantage to the native grasses, while surface seeding was expected to 
benefit forbs. Thus, a seeding treatment in which the grass seeds were drilled into the soil 
and forb seeds sown on top of the soil was expected to be the optimum method for fostering 
diversity and richness of desirable species. Given the results of previous studies of mowing, 
mowing in the first growing season was expected to decrease the presence of annuals and 
weedy species in favor of perennials and conservative prairie species. Little difference was 
expected among the different mowing height treatments. Mowing was not expected to have 
significant effects on plantings as old as two or three years. 
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METHODS 
General Study Location 
I conducted all experiments at the Neal Smith National Wildlife Refuge (NSNWR) 
which, until mid-1998, was known as Walnut Creek National Wildlife Refuge. NSNWR is a 
3500 ha tract located in central Iowa just southwest of Prairie City (41°36' N, 93°14' W) 
(Figure 1). When the refuge was created in 1991, the landscape consisted mostly of rowcrop 
agriculture and pasture in the watershed of Walnut Creek. The major goal ofNSNWR is the 
reconstruction of presettlement plant communities (primarily tallgrass prairie and tallgrass-
oak savanna) and the subsequent reintroduction of several species of presettlement prairie 
fauna. To achieve this goal, NSNWR personnel are in the process of seeding large areas of 
the refuge to tallgrass prairie. By autumn of 1998, approximately 800 ha ofland had been 
seeded to tallgrass prairie using a variety of seed mixes, seeding methods, and post-seeding 
management techniques. In 1996, a 300 ha prairie/savanna area was enclosed and a herd of 
14 bison was introduced, with more added in 1997. In 1998, two male elk were introduced 
into the same area. 
In geological terms, NSNWR is situated just off the Des Moines Lobe landform in the 
northern portion of the Southern Iowa Drift Plain. Soils on the refuge are comprised 
principally of nine dominant soil types including soils of the Tama, Killduff, Muscatine, 
Downs, Shelby, Otley, Mahaska, Ladoga, and Gara series. For Jasper County, the average 
annual precipitation is 33 inches, the mean July temperature is 24.7°C, the mean January 
temperature is -5.8°C, and the average growing season is 164 days (Nestrud and Worster, 
1974). Because of the topographic variation, vegetation communities are quite variable 
across the refuge and include savannas, oak woodlands, remnant native prairies, wetlands, 
rowcrop agriculture, degraded pasture, and prairie plantings. 
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Figure 1. General location and boundary map (with topographic lines) of Neal Smith National 
Wildlife Refuge. The approximate locations of all study sites, as well as the refuge visitor's 
center, are shown. 
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1997 Mowing Experiment 
Introduction and location 
The 1997 mowing experiment was conducted over the 1997 growing season on the 
research site known as the "97MOW" site. The 97MOW site is located near the center of the 
refuge, 0.6 km east of the visitor's center along the top of a ridge immediately to the west of 
the Savanna Study Area and south of the main road leading to the visitor's center. Soils of 
the site are of the Ladoga and Gara series. These are mesic, fine and fine-loamy alfisols. 
The 97MOW site was drill-planted in the summer of 1995 by NSNWR personnel. 
About 60 species of native plants (5 grasses and about 55 forbs) were planted using seed that 
was either hand-collected or machine-harvested from nearby remnant prairies. A complete 
species list of seeds planted is given in Appendix A. 
My survey of the area in spring of 1997, prior to the establishment of the mowing 
treatments, showed that the prairie vegetation was distributed in an apparently homogeneous 
manner. The only exceptions were a few large patches of the previous year's giant ragweed 
(Ambrosia trifida) stalks and a one-meter patch of reed canary grass (Phalaris arundinacea). 
These patches were subsequently avoided in the establishment of the treatment plots. The 
vegetation of the area was a mixture of tall native grass clumps and shorter weedy species. 
The native grass clumps were well developed (5 to 10 cm in diameter) and were distributed 
abundantly throughout the site. The spaces between the clumps were typically occupied by a 
low, dense layer of weeds along with the occasional native forb. The weed canopy consisted 
almost exclusively of common ragweed (Ambrosia artemisiifolia), foxtails (Setaria spp.), 
giant ragweed, and dandelion (Taraxacum officinale). The most common native forbs 
observed were wild bergamot (Monardafistulosa), false boneset (Brickellia eupatorioides), 
black-eyed susan (Rudbeckia hirta), partridge pea (Chamaecristafasciculata), Canada 
goldenrod (Solidago canadensis), sawtooth sunflower (Helianthus grosseserratus), and 
rosinweed (Silphium integrifolium ). Big bluestem (Andropogon gerardii), little bluestem 
(Schizachyrium scoparium), indiangrass (Sorghastrum nutans), and Canada wild rye (Elymus 
canadensis) comprised roughly equal shares of the native grass canopy. 
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Establishment and layout 
I established the site on 4 June 1997 along the flattened crest of the ridge, an area of 
relatively uniform topography with only a slight slope to the north. I arranged nine replicate 
blocks in sequence along the ridgetop. Each 9 m x 6 m block consisted of three adjacent 3 m 
x 6 m plots (Figure 2). There was a 3 m buffer area between blocks and around the outer 
edges of the blocks, such that the entire set of blocks and buffer area was 84 m x 15 m. I 
randomly assigned the three mowing treatments to the three plots within each block. 
Mowing treatments 
In the tall (13-35) treatment, I allowed the vegetation to grow to a height of 35 cm 
before mowing it back to a height of 13 cm. Similarly, the medium (10-25) and short (6-20) 
treatments were mowing regimes in which I maintained the vegetation between 10 and 25 cm 
and between 6 and 20 cm, respectively. 
There was a fairly even mix of tall clumps of native grasses and shorter weedy and 
native forb species, so I estimated the average height of the vegetation by averaging the 
heights of the native grass clumps and nearby layers of weeds and forbs . For each treatment, 
I took measurements from all nine blocks. Typically, I took 10 to 20 sets of measurements 
for each treatment. I selected a native grass clump for measurement by observing the 
"population" of all tall clumps and choosing one or two clumps that were representative of 
that population. The tall grass clumps were generally of such uniform height that the 
subjectivity involved was not a concern. For young grass clumps with mostly vertical blades 
of uniform length, height was measured from the ground to the tips of the blades. For older 
grass clumps with arching leaf blades, the height was measured from the ground to the top of 
the arch of most of the blades. The broad-leaf vegetation between the grass clumps was 
typically of uniform height, which I measured as the distance from the ground to the 
uppermost leaves. 
After a mowing event, I measured the vegetation again to ensure that it was cut to the 
proper height. In this case, I paid little attention to what species were being measured or 
from which plots the samples were taken, because all plants were cut to essentially the same 
height. Even a very small sample of plant heights taken from one localized area proved 
enough to obtain an accurate assessment of the new vegetation height. 
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Figure 2. Layout and dimensions of the 97MOW site. The site consists of nine 
blocks, each with three plots. The shading indicates the mowing treatment applied 
to each plot. The darker-shaded plots around the perimeter of the site are the 
unmowed plots added later. 
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I mowed the vegetation of a treatment whenever measurements revealed that it was at 
or near its intended maximum height. Mowing was done with a Cub 782 garden tractor with 
a belly-mounted, side-discharge rotary mower. The mowing deck of the tractor was about 
1 m wide, so four passes with the mower were required to mow a plot completely. Since the 
mower was a side-discharge mower, piling of the clippings was a concern. I made the 
mowing passes in such a way as to always keep clippings within the plot from which they 
originated while spreading the clippings as much as possible. Some minor piling was 
observed, but follow-up observations showed no damage or stunting of growth to the 
vegetation by the clippings. The turf tires of the tractor did not seem to damage the 
vegetation during the course of the study. 
I made the final mowing on 4 August 1997. The vegetation continued to grow after 
this date, but only very slowly. None of the treatments attained their maximum vegetation 
height again before the end of the growing season. No further mowing of the plots occurred 
in the following (1998) growing season. 
On 23 April 1998, at the start of the 1998 growing season, the area was burned by 
NSNWR personnel. All plots burned evenly, and burning cleared away nearly all of the 
previous year ' s above-ground biomass. Thus, the treatments were not influenced by shading 
or insulation from the previous year's dead biomass. Although it was not planned as part of 
my experiment, the bum helped to insure that the only apparent difference in environment 
between the treatments observed in 1998 was due to the mowing treatments applied in 1997. 
Vegetation community inventory 
I estimated species abundance from samples of percent cover, stem density, and 
biomass. I sampled plots from 10 August to 14 August 1998 using square 0.5 m x 0.5 m 
quadrats. Four quadrats were sampled in each plot. To avoid edge effects, no samples were 
taken within 1 m of either end of the plot or within 0.5 m of either side of the plot. 
In 1998, it became apparent that a comparison with unmowed plots was desirable. 
Thus, plots in areas that had received no mowing whatsoever in 1997 were marked off on 
both sides of each block. They were not immediately adjacent to the treatment plots because 
of the 3 m-wide strip that had been mowed around the blocks the previous year. However, 
these plots were placed as close to the existing treatment plots as possible while still ensuring 
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that their vegetation had not been affected by the mowings of the previous year. In an 
attempt to randomize the placement of these plots as much as possible, I established them on 
both sides (east and west) of each block, and chose one of the two at random. 
Because of the way in which the plots were mowed, any negative side-effects of 
mowing (such as soil compaction or pilings) were most likely to be longitudinally oriented 
through the plots. For this reason, I located the four quadrats in each plot in such a way as to 
sample the widest variety of lateral positions possible. The 2 m-wide sampling area was 
divided into four possible 0.5 m-wide lateral positions. Because the sampling area was 4 m 
long, it was divided into four 1 m-long longitudinal positions (see Figure 3). A modified 
latin-square method was used to randomly place the four quadrats within the plot so that 
there was one quadrat in each of the four lateral positions and one quadrat in each of the four 
1 m-long longitudinal positions. Whether the quadrat was located in the north half or the 
south half of the meter-long longitudinal position was determined randomly. 
I included in a sample only those plants whose bases were in the quadrat area. First, I 
measured the overall height of the vegetation with a meter stick. Then, I estimated % canopy 
cover for each species present in the canopy. If it was possible to easily determine the 
number of stems of a particular canopy plant, I recorded that number also. However, this 
was often difficult, particularly with grasses and bunch forbs . 
For ground-level species with low abundance, I recorded only the number of stems, 
using categories of 1, 2, 3, 4, 5-10, and > 10. Common ragweed and foxtail were the only 
species that commonly had stem counts greater than 10 at the ground level. 
I classified plants as either "canopy" vegetation or "ground" vegetation. For all 
locations it was clear that there was a distinct separation (regardless of the specific height at 
which it occurred) between the canopy and the ground vegetation. I defined canopy as that 
group of plants that existed well above the ground and intercepted most of the direct sunlight. 
The ground vegetation was that group of plants that exists entirely underneath other 
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Figure 3. Diagram of a typical plot at time of community sampling. The 2 m x 4 m area 
within the plot is the entire potential sampling area. The shaded areas are the 0.5 x 0.5 m 
sample quadrats showing one potential sampling arrangement. Note that there is one 
sample quadrat for each meter-long row and each 0.5 m-wide column. This scheme 
was used for all sites, but was modified slightly to avoid wheel tracks on the 
98SEEDMOW sites. 
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vegetation and receives little to no direct sunlight. This is a subjective definition, but there 
were no instances in which it was difficult to determine the designation between canopy and 
ground. 
Two of the four quadrats in each plot were randomly chosen and clipped for biomass 
assays. I used a cordless, electric grass/hedge trimmer to clip all of the vegetation of the 
quadrat at the lowest height possible (usually about 3-5 cm). The cut vegetation was then 
sorted by species, except for the dominant native grasses, which were lumped together as a 
single group. Foxtails, the only non-native grasses, were easily distinguished from the native 
grasses because the foxtail was usually a ground species with a height less than 20 cm while 
the native grasses were much taller. Clipped biomass was dried to constant weight in an 
oven at 65°C and weighed. 
I also surveyed all plots for the less common species that were not detected among 
the sample quadrats. I used dowel rods to push vegetation aside as I systematically searched 
each plot and recorded the number of stems found for each such species. 
Between 13 May and 6 June 1998, I collected data on the early-season frequency and 
vigor of several species of prairie forbs. The objective was to determine if mowing had 
effects on the early-season growth of forb species by affecting underground over-winter 
storage. The species selected were wild bergamot, spiderwort (Tradescantia ohiensis), 
yellow coneflower (Ratibida pinnata), black-eyed susan, round-head bush clover (Lespedeza 
capitata), false boneset, late boneset (Eupatorium serotinum), and tall boneset (Eupatorium 
altissimum ). These species were all fairly common, widespread throughout the site, easy to 
locate, and good early-season growers. For each species in turn, I carefully searched every 
plot for plants of the selected species. When located, the plant's height, number of stems, 
and number of flower clusters (if applicable) were noted. 
Environment 
I collected soil samples on 16 June 1998 to be sure there was no significant variation 
in soil moisture across the site. I collected one sample from the top 5 cm of soil from the 
south-central portion of each plot with a 6 cm diameter bulb planter. I placed each soil 
sample in a separate, labeled metal canister with an air-tight lid, for transport to a laboratory, 
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where the samples were weighed. I then dried the samples to constant weight in a 65°C 
oven. Percent soil moisture was calculated as follows: 
Soil Moisture%= (weight of water removed I weight of dry soil) x 100 
Data analysis 
I classified each species encountered as either a forb or a grass; an annual, biennial, 
or perennial; and either a "desirable" species or an "undesirable" species. An "undesirable" 
species was defined as any species that is either a direct threat to animals or humans, exotic, 
invasive, a common weed, or a non-prairie species. A list of the desirable, undesirable, 
annual, biennial, and perennial species from all study sites is provided in Appendix B. I also 
assigned each species a conservativism number based on the mean of its published 
conservativism numbers for Illinois and Missouri, as no such numbers exist for Iowa (see 
Packard and Mutel , 1997). On a scale of 0 to 10, conservativism refers to the degree to 
which a species is associated exclusively with native prairie communities. Species found 
exclusively in undisturbed remnant native prairie communities have a conservativism 
number of 10 while species with no particular association with prairie plant communities 
have a conservativism number of 0. Biomass per quadrat, richness per quadrat, stem density, 
and percent cover were calculated for each plant group category (forbs, grasses, annuals, 
biennials, perennials, desirables, and undesirables). Mean weighted conservativism (C), 
weighted Floristic Quality Index (FQI), and Shannon-Wiener diversity were also calculated. 
The mean weighted conservativism was calculated as follows: 
c =I CiPi 
where Ci is the published conservativism number of species "i" and Pi is the proportion of the 
quadrat occupied by species "i". This proportion was calculated in two different ways, first 
using biomass and then percent cover. 
Mean weighted Floristic Quality Index was calculated as follows: 
FQI = C'1n 
where C is the above-calculated mean conservativism and n is the number of different 
desirable species present in the quadrat. The FQI takes into account not only the 
conservativism of the species present, but also the number of conservative species present. It 
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is now a useful and widely-used method for tracking the floristic quality of native prairie 
vegetation. 
Shannon-Wiener diversity was calculated as follows: 
H' = Pi*log(pi) 
where Pi is the proportion of the quadrat occupied by species "i," as evidenced by stem 
density. H' was calculated using all species as well as only desirable species, and on both an 
individual quadrat basis and a whole-plot basis, to assess the effects of scale on the 
calculation. 
I used analysis of variance to test for significant mowing treatment differences with 
respect to richness, biomass, stem density, and cover for individual species and for each plant 
group classification. If a significant (p:S 0.05) treatment effect was detected, Duncan's 
multiple range test was used to assess the precise nature of the treatment differences among 
the different mowing treatments. 
1997 /98 Seeding/Mowing Experiment 
Introduction and location 
I conducted the 1997 /98 seeding/mowing experiment over the 1997 and 1998 
growing seasons on the "97 /98SEEDMOW" site. I established this site on the gently sloping 
floodplain between Walnut Creek and the paved Auto Tour Road, just south of 88th Avenue 
(Figure 1). It is bordered by Walnut Creek 30 m to the west, the Auto Tour Road 30 m to the 
east, 88th Avenue 100 m to the north, and a tributary of Walnut Creek 30 m to the south. 
Soils of the site are of the Nodaway, Ackmore, and Judson series. These are fine-silty, mesic 
entisols and mollisols. 
Establishment and layout 
I laid out nine blocks in a 3 by 3 matrix, with 8-10 m spacing between them. Each 
block contained four seeding treatments and three mowing treatments. The four seeding 
treatments were randomized in each block and established as strips running east-west. The 
three mowing treatments were also randomized in each block and established as strips 
running north-south. This resulted in a 4 x 3 factorial strip-plot treatment design with 12 
15 
different treatment combinations in each block (Figure 4). Each resulting plot was 3 m x 6.1 
m, with the long axis oriented north-south. The three mowing treatment strips ran through 
the center of each block and were flanked by a 3 m-wide buffer strip on each side. 
Seeding treatments 
The site was planted on 9 July 1997 with the help ofNSNWR personnel. The area 
had been a soybean field the previous year, and the prairie seed was planted directly into the 
remaining soybean stubble with no prior soil tillage or seedbed preparation. The carpet of 
weedy vegetation covering the area (primarily Polygonum spp.) had been sprayed with 
Roundup and 2,4-D on July 5 and was mostly dead or dying. 
The site was planted with a Tye stubble drill pulled behind a tractor. The seed mix 
included seven species of native grasses planted at a total rate of about 16 kg/ha and 35 
species of native forbs planted at a total rate of about 6 kg/ha. A complete list of species in 
the seed mix is given in Appendix A. The forb seed was in bulk, allowing the use of the Tye 
drill's separate hoppers for grass and forb seed. As seeds are metered out of the hoppers, 
they fall through flexible tubes that guide them to just behind a set of disks, which cut into 
the soil and create a small furrow. After the seeds fall into the furrow, a packing wheel 
gently presses the seeds into the soil and partially closes the furrow. The depth of planting is 
controlled by adjusting how deep the disks cut into the soil. 
The four seeding treatments were: 
1) "Deep" - Deep drilling of both grass and forb seeds in which all seeds are planted 
at a furrow depth of 4 to 6 cm. 
2) "Shallow" - Shallow drilling of both grass and forb seeds in which all seeds are 
planted at a furrow depth of 2 to 4 cm. 
3) "Surface" - Surface drilling of both grass and forb seeds in which the disks just 
scratch the soil surface and the seeds are essentially just dropped on top. 
4) "Shallow/Surface" - Shallow drilling of grass seed and surface sowing of forb 
seed. This is accomplished by simply unhooking the tubes that deliver the forb seed and 
letting them 
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Figure 4. Diagram of the layout and dimensions of blocks and plots on the 
97/98SEEDMOW site, showing the orientation of the seeding treatment strips and the 
mowing treatment strips through the blocks. Note that the combination of four seeding 
treatment strips and three mowing treatment strips yields a total of 12 different 
treatments per block in addition to the unmowed plots that flank each block. Block 
numbers are shown at the top of each block. 
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hang straight down so that, while the grass seed is drilled into the soil, the forb seeds are 
dropped, not into the furrow, but directly on the surface of the ground. 
Since the planter was 10 feet wide and the seeding treatment strips were 20 feet wide, 
two passes through each seeding treatment were required. This occasionally resulted in a 
very narrow strip of soil running down the middle of the seeding plot that had received either 
no seed or a double dose. Such areas were avoided in later vegetation sampling. 
Although actual seed depths beneath the soil could not be measured, the depths of the 
seed furrows could be used to compare relative seed depths among the treatments. 
Measurements of seed furrow depths immediately after planting showed that, while there was 
considerable variability in planting depth within treatments, the mean depths were 
significantly different between the different treatments. These planting depths are given in 
Appendix C. 
Mowing treatments 
Although dry weather led to slow seed germination, the vegetation was weedy and 
fast-growing and, by late August, some of the vegetation was tall enough to require mowing. 
The tall treatment ( 15-45) consisted of a mowing regime in which the vegetation was 
allowed to grow to a maximum of 45 cm before being cut back to a height of 15 cm. 
Similarly, the medium (10-35) and short (5-25) treatments were mowing regimes in which 
the vegetation was maintained between 10 and 35 cm and between 5 and 25 cm, respectively. 
In addition to these three mowing treatments, the buffer strips of vegetation on either side of 
each block served as comparison plots that were never mowed. 
I measured the height of the vegetation frequently, beginning on 28 August 1997, to 
determine when a given treatment required mowing. Because of the heterogeneity of the 
vegetation, I made height estimates in the first growing season using three broad vegetation 
height classes. In the following (1998) growing season, the vegetation was much more 
uniform and I obtained vegetation heights using direct measurements of representative 
plants. I measured height as the distance from the ground to the top of the main canopy 
using the criteria outlined for the 97MOW site. Typically, I took two measurements from 
each plot on a given measurement date. 
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I mowed the vegetation twice near the end of the 1997 growing season and then 
several times in the first half of the 1998 growing season. For the 1997 mowings, the Cub 
782 garden tractor was used. In 1998, a Kubota B2400 tractor with turf tires and a 60 inch-
wide belly-mounted, side-discharge mowing deck was used. As with the 97MOW site, the 
piling of clippings was a concern. The three mowing passes required to mow a plot were 
made so that clippings were kept within the plot from which they originated. Piling was 
greatly reduced by propping up the discharge chute so that the clippings were discharged 
uniformly in a wide spray rather than in a narrow stream. Despite this, some piling was 
observed throughout the study, particularly on the tall mowing treatment. 
I continued the mowings as needed until 18 July 1998. Mowing was stopped in mid-
season to allow the vegetation to recover and flower so that vegetation sampling would be 
easier. 
Vegetation community inventory 
Blocks 1, 2, 3, and 6 were consistently wet throughout the first half of the 1998 
growing season. Blocks 1, 2, and 3 have the lowest elevation and were frequently saturated 
with water due to heavy early summer rainfall. Block 6 lies directly between these three 
lowland blocks and the uphill water source which inundated them. The situation was 
worsened by the construction of a new paved road just east of the site. A drainage culvert 
was placed beneath the new road NE of the site. The frequent and heavy early-season rains 
eroded the bare clay soil exposed by the road construction and washed large volumes of silty 
water down the hill slope. Most of this water was funneled through the culvert, which 
resulted in the formation of a few main channels of water running through block 6 and 
ending up in blocks 1, 2, and 3. At the onset of sampling, I decided not to use these four 
blocks. They had very different vegetative communities than the five drier blocks, being 
very weedy with very few native prairie plants. In addition to being wet in general, there 
were several shallow troughs running through these blocks that had a strong impact on the 
vegetation communities. Furthermore, these troughs ran in a predominantly north-south 
orientation resembling the mowing treatment corridors. Mowing treatment data collected 
from these blocks would likely have been confounded with moisture differences among 
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plots. The five remaining blocks, however, all had a mix of native grasses, weedy species, 
and native forbs and were suitable for sampling. 
I sampled the vegetation between 24 August and 30 August 1998. Quadrat size and 
quadrat placement within each plot were the same as for the 97MOW site. After quadrat 
placement, I made percent cover estimates for each species in increments of 5%. If a species 
did not occupy nearly 5% of the ground area, it was assigned a value of zero and was not 
included in the cover estimates. Rarely did a species cover more than 50% of a quadrat. 
After estimating % cover, I made stem counts for each species present. I was unable 
to determine accurate stem counts for some species. The clovers (Trifolium spp.) formed 
mats near the ground which made it difficult to count stems, and foxtail was usually so 
abundant that a stem count could not be obtained efficiently. For every quadrat, I counted 
the number of native grass clumps present, without regard to species. 
Because of the height of the vegetation, I could not sample the unmowed comparison 
plots using the same techniques as those used for the mowed plots. For these plots, I used a 
"U"-shaped 0.5 m x 0.5 m quadrat that could be slid into place along the ground. I also used 
pruning shears to remove vegetation as it was sampled, to overcome the structural 
complexity of the vegetation and avoid sampling error. Percent cover was estimated and 
stem counts were made, but the structural complexity of the vegetation made estimating % 
cover very challenging and somewhat unreliable. 
At the end of the 1998 growing season, I noted that the abundance of native grass 
seedheads (95% from big bluestem) appeared to vary among the treatments. Direct counts of 
the number of seedheads in each plot were impractical, so I used four seedhead density 
classes. I made a visual estimate of the number of native grass seedheads in each plot using 
the following seedhead density classes: 0-3, 4-15 , 15-50, >50. 
Environment 
I collected soil samples during the 1998 growing season to assess the effects of 
vegetation height on soil moisture. On 24 June 1998, I collected one soil sample from the 
north-central portion of each plot in every block of the site. On July 18, I collected one soil 
sample from each plot in blocks 4, 5, and 8. The soil was collected using the same method as 
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described for the 97MOW site. The heights of the vegetation of the various mowing 
treatments were recorded at the time of soil collection. 
I recorded light and temperature data from block 5 on 2-7 July 1998 and from block 8 
on 9-15 July 1998. Four quantum sensors ( 400-700 nm) were distributed within each 
mowing treatment (plus the unmowed buffer strips) of the block. The sensors were 
distributed randomly within each mowing treatment nested within a single seeding treatment 
(to avoid confounding effects). The sensitive area of each sensor was 2 cm above the soil 
surface. One quantum sensor was mounted on a pole and measured light incident on the 
canopy. Readings for each sensor were taken automatically every 60 seconds and a 15 
minute average was stored by a Campbell Scientific 2 lX micrologger. 
Copper-constantan thermocouples were placed near the quantum sensors. Soil 
temperature at 3 cm depth (n = 16) and air temperature at 3 cm (n = 8) and 53 cm (n = 8) 
aboveground were automatically measured and recorded at 15 minute intervals using 
dataloggers designed and constructed in the ISU Department of Botany. 
For both the light and temperature data, values were averaged over several days to 
obtain a mean daily timecourse of light and temperature. Plots of light and temperature 
versus vegetation height were produced by calculating, for each sensor on each day, the 
mean light and temperature value during the middle portion of the day. 
Data analysis 
As with the 97MOW data, I classified each species by growth form, lifespan, and 
desirability and assigned it a conservativism number. I also calculated species richness per 
quadrat, stem density, percent cover, mean conservativism, FQI, and Shannon-Wiener 
diversity for each plant group category. Again, Shannon-Wiener diversity was calculated on 
both an individual quadrat and a whole-plot basis. Analysis of variance and Duncan's 
multiple range test were used to test for treatment differences among the variables for each 
plant group classification. 
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1998 Seeding/Mowing Experiments 
Introduction and location 
I conducted the 1998 seeding/mowing experiments over the course of the 1998 
growing season on the "98SEEDMOW" sites. These sites are located near the eastern 
boundary of the refuge about 0.8 km southeast of the intersection of W 109th and S 96th 
(Figure 1 ). It is a relatively flat area situated on a hilltop. Com had been grown on the sites 
the previous year, and com stubble and stalk trash were still abundant in the spring of 1998. 
Soils of the sites are of the Gara and Otley series. These are fine and fine-loamy, mesic 
alfisols and mollisols. 
Establishment and layout 
I established two sets of experimental plots (north and south), each with the same 
seeding treatments but different mowing treatments. Each set contained nine blocks arranged 
in a 3 x 3 matrix and spaced 8-10 m from each other. Each block consisted of four seeding 
treatment strips and three mowing treatment strips arranged randomly in a strip-plot design 
similar to that of the 97 /98SEEDMOW site. The seeding treatments ran north-south, while 
the mowing treatments ran east-west through each block, providing a factorial design 
yielding 12 different treatment plots (Figure 5). Each seeding strip was 6.1 m wide, while 
each mowing strip was 4 m wide, such that plots were 6.1 m x 4 m. The mowing treatment 
strips were flanked on either side by 4 m-wide unmowed strips. 
Seeding treatments 
Seeds were planted on 28 May 1998 with the help ofNSNWR personnel. The sites 
had been sprayed with Roundup and 2,4-D on May 19 and, although much of the weedy 
vegetation (mostly green and yellow foxtail) was dead or dying, some patches of green 
vegetation still remained. 
The sites were planted using the same Tye stubble drill as used for the 
97/98SEEDMOW site. The seed included five species of native grasses and at least 43 
species of native forbs. A complete seedlist is given in Appendix A. The four seeding 
treatments were intended to be the same as those applied to the 97 /98SEEDMOW site. 
22 
... #16 
88 m ~ 
#18 
I I I I 
I I I I 
M1 I I I I I I I I 
3 mowin treatments M2 I I I I I I I I 
M3 I I I I I I I I 
I I I I 
I I I I 
#15 4 seeding treatments #13 
I I I I 
I I I I 
I I I I 
I I I I 
78 m i #14 i I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
#10 #11 
'~ 
14m 
#7 #8 #9 
,, 
................................ ~~----........................ . 
.___. 
6 m #6 7.5 m #5 #4 
#1 #2 #3 
Figure 5. Diagram of the layout and dimensions of blocks and plots on the 
98SEEDMOW sites ("VARMAX"-south, "VARMIN"-north). The diagram shows the 
orientations of the seeding treatment strips and the mowing treatment strips. Note that 
the seeding and mowing treatment strips were combined and randomized factorially into 
each block to form 12 different treatment plots, in addition to the unmowed plots. 
Block numbers are shown at the top of each block. 
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However, the forb seed was not in bulk as it had been for the 97 /98SEEDMOW site, but was 
a separate collection of a three gallon volume of hand-collected, cleaned seeds. This was too 
small a volume of forb seeds to use in the separate front hopper of the planter. For the three 
treatments with all buried seeds, the forb seed was mixed with the grass seed in one hopper 
and planted together. For the "shallow/surface" treatment, the grass seed only was planted 
with the Tye drill. The forb seed was mixed with six times its volume of clean, moist sand 
and hand-broadcast on the surface. The grass seed in all treatments was planted at an 
estimated rate of about 25 kg/ha. Due to a miscalibration of the planter, I estimated that the 
"deep," "shallow," and "surface" treatments each received forb seed at a rate of 1.5 to 2 
kg/ha, whereas the "shallow/surface" treatment received forb seed at a rate of 2.5 to 3 kg/ha. 
As with the 97 /98SEEDMOW site, the complete seeding of a treatment strip required 
two passes with the planter. Again, the narrow contact zone within each plot was avoided 
during later sampling. 
Despite the standing com stalks and large amount of com stalk debris covering the 
ground, the planter did not have any difficulty planting the site. I again took measurements 
of the seed furrow depths in each treatment (see Appendix C). Although considerable 
within-treatment variability existed, due mostly to the troughs and crests of the old com 
rows, the mean depths were significantly different among the different seeding treatments. 
Mowing treatments 
"VARMAX" 98SEEDMOW experiment 
The experimental plots of the nine south blocks (V ARMAX) received three mowing 
treatments in which the cutting height was held constant (10 cm) while the maximum growth 
height was varied. The "10-25" treatment was a mowing regime in which the vegetation was 
allowed to grow to a maximum height of 25 cm and then mowed back to a height of 10 cm. 
Similarly, in the "10-35" and "10-45" treatments, vegetation was cut to 10 cm after growing 
to 35 cm or 45 cm, respectively. The strips on the sides of the blocks were used as unmowed 
compansons. 
"VARMIN" 98SEEDMOW experiment 
The experimental plots of the nine north blocks (VARMIN) received two mowing 
treatments in which the maximum growth height was held constant (35 cm) while the cutting 
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height was either 8 cm (the "8-35 treatment) or 15 cm (the "15-35" treatment). The third 
mowing treatment ("15-25") was intermediate in maximum and minimum heights; the 
vegetation was allowed to grow to 25 cm before being cut to 15 cm. Again, the strips on the 
sides of the blocks were used as unmowed comparisons. 
All plots 
I measured the height of the vegetation on both sets of plots every few days between 
9 July 1998 and 19 August 1998. The canopy consisted almost entirely of foxtail of uniform 
height intermingled with occasional patches of bare soil or low weeds. I estimated the 
average height of the vegetation in a plot by measuring the height of the foxtail in the plot 
and multiplying by the approximate percent foxtail cover. 
Because of the large size of the 98SEEDMOW sites, I made only four height 
measurements per block (one per mowing treatment strip in a single seeding treatment strip). 
A small number of measurements was sufficient to obtain a reliable average, however, 
because of the uniform height of the vegetation across the sites. 
I mowed the vegetation several times between 9 July 1998 and 18 August 1998 with 
the Kubota B2400 tractor and mower as described for the 97 /98SEEDMOW site. Three 
passes were usually sufficient to mow a plot, but occasionally a fourth pass was applied to 
ensure even cutting and to distribute the clippings better. The clippings were always very 
fine and well distributed, and piling was not a serious problem. 
On 18 August 1998, a final mowing to 15 cm was done on all of the mowed treatment 
plots of both sites to give the vegetation time to recover and grow before vegetation 
inventories were made in September. 
Vegetation community inventory 
Prior to the main vegetation inventory, I determined that blocks 6, 11, and 12 were 
not suitable for sampling. Block 6 had a large, dense patch of woolly cup grass (Eriochloa 
villas a) occupying about 1 /3 of its area. This cup grass had been present at the time of 
seeding and was so persistent that it had not allowed any native prairie plants to establish 
themselves. Block 11 was situated in a shallow depression and was barren as a result of 
having been very wet. Block 12 was dominated by fall panicum (Panicum dichotomiflorum) 
and bamyardgrass (Echinochloa crusgalli). The growth form and spreading nature of these 
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species made it difficult to navigate through the plots and all but impossible to see plants 
under the dense weedy canopy. 
I sampled both sets of plots on 9-17 September 1998 using methods similar to those 
used for the other sites. As described for the other sites, a matrix of four lateral positions and 
four longitudinal positions was established, and a modified latin-square design for choosing 
quadrat locations was used. However, since the plots had usually been mowed with just 
three passes of the mower, there were two conspicuous wheel tracks of somewhat stunted 
vegetation running lengthwise through each plot. I adjusted the lateral positioning of the 
quadrats slightly so as to avoid the wheel track locations. 
For each sample quadrat, I estimated the percent ground area of bare soil or cornstalk 
trash. I then counted the number of stems present for each species. An exact stem count was 
attempted for every species except foxtail. The number of foxtail stems was estimated using 
the following categories: 1-5, 6-10, 11-15, 16-20, or >20. Preliminary counts indicated that 
if the >20 category was selected, the actual number of foxtail stems was usually between 21 
and 30. The unmowed areas were sampled in a similar manner, except that a U-shaped 
quadrat was used, and % bare soil could not be estimated. 
Other vegetation data 
I assessed the effect of seeding treatment on plant emergence on 2 July 1998, shortly 
after seed germination on the newly-planted sites. I placed a quadrat in the west-central 
portion of each plot in blocks 2, 6, 9, 12, 14, and 16, and counted the number of prairie 
seedlings in each quadrat. Because planting with a seed drill often results in seedlings 
emerging in rows, I used a long (20cm by 89cm) quadrat, orienting it perpendicular to the 
direction of the rows. For each quadrat, I recorded the number of native grass seedlings and 
the number of native forb seedlings of each species present. 
After the main vegetation inventory was finished in September, I clipped, counted, 
and measured dry weight of native grass seedlings from a 0.5 m x 0.5 m quadrat in each plot 
of blocks 1, 5, 9, 10, 14, and 18. The purpose was to determine whether aboveground 
biomass of individual native grass seedlings was affected by the mowing treatments. I 
collected similar data on two common native forb species, white and purple prairie clover 
(Dalea candida and purpurea), by searching all plots of block 5 for all prairie clover 
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seedlings, clipping and counting them, and measuring mean dry weight per seedling. 
Additionally, I clipped, counted, and measured mean dry weight of foxtail stems. One 
quadrat in each plot of block 4 was sampled to determine whether there was a correlation 
between foxtail biomass and native grass biomass. 
When all other sampling had been done, I estimated the abundance of native grass 
seedheads in every plot of every block. Direct counts of the seedheads were impractical, so 
five seedhead density classes were used. I made a visual estimate of the number of native 
grass seedheads in each plot using the following seedhead density classes: 0, 1-4, 5-10, 11-
40, >40. 
Environment 
I collected soil samples from the sites to assess the effect of vegetation height on soil 
moisture. Soil samples were taken from the west-central portion of each plot of blocks 1 
through 9 on June 24, blocks 10 through 18 on July 1, blocks 1, 5, and 9 on July 18, and 
blocks 2, 3, and 6 on July 27. These samples were all obtained using the protocol described 
for the 97MOW site. 
Light and temperature data were also collected for the 98SEEDMOW site using the 
same equipment and protocol described above for the 97 /98SEEDMOW site. Data were 
recorded for blocks 6 and 16 from July 15 through July 18, and for block 5 from July 22 
through July 27. The heights of the vegetation were recorded at the time of placement and 
retrieval of the sensors. The calculation of means for daily timecourses and plots of light and 
temperature versus vegetation height were similar to those described for the 
97 /98SEEDMOW site. 
Data analysis 
As with the other sites, I classified each species according to its growth form, 
lifespan, and desirability and assigned it a conservativism number. Species richness per 
quadrat, stem density, mean conservativism, FQI, and Shannon-Wiener diversity were 
calculated for each plant group category. As with the other sites, Shannon-Wiener diversity 
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was calculated both on an individual quadrat basis and on a whole-plot basis. Analysis of 
variance and Duncan's multiple range test were used to test for treatment differences among 
the variables for each plant group category. 
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RESULTS 
1997 Mowing Experiment 
Vegetation heights 
Throughout the 1997 growing season, the vegetation of the 6-20, 10-25, and the 
13-35 mowing treatments generally oscillated between their respective maximum and 
minimum heights with the cycles of growth and mowing (Figure 6). The vegetation in the 
unmowed surrounding area was not measured until midway through the growing season and 
was never cut. 
Vegetation community inventory 
Individual species 
A total of 71 different species was encountered on the 97MOW site. The number of 
different species encountered in each mowing treatment ranged from a high of 61 in the 10-
25 treatment to a low of 48 in the 13-35 treatment. Fifty-three species were found in the 6-20 
treatment and 51 species were found among the unmowed plots. A summary of which 
species were encountered in each treatment is given in Appendix D. The species 
composition of the canopy differed considerably between the mowing treatments (Figure 7). 
Considerably more species comprised part of the vegetation canopy in the 6-20 and 10-25 
treatments than in the 13-35 or unmowed treatments. Of the nine individual species that 
were affected significantly in some way by the mowing treatments, common ragweed, 
partridge pea, and black-eyed susan were the only individual species that showed clear 
responses to the mowing treatments for more than one of the four variables (biomass, canopy 
count, canopy cover, and ground count). 
General ANOVA results 
I detected no significant treatment effects on biomass (Table 1 ). The other variables 
(ground stem density, canopy cover, and the richness variables), however, all exhibited one 
or more significant treatment effects on some plant groups. Canopy richness was affected 
across nearly all of the plant group categories; only grasses and perennials did not exhibit 
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Figure 7. Mean percent cover occupied by each species for the four mowing treatments on 
the 97MOW site. The species are arranged from left to right in ascending order of their 
conservativism numbers (ranging from 0 to 7), such that species on the left are least conservative 
and species on the right are most conservative. Error bars indicate standard errors of the mean. 
Species codes are the first three letters of the genus followed by the first three letters of the species. 
Table 1. 97MOW site summary of ANO VA results of the effects of mowing on the various plant 
group categories, as well as floristic quality and diversity. Significant effects are indicated at three levels: 
* pS0.05, **ps0.005, *** pS0.0005. Results that are not significant are indicated with "ns." C is 
conservativism index, FQI is Floristic Quality Index, and H' is Shannon-Wiener diversity index. 
ALL PLANTS 
FORBS 
GRASSES 
ANNUALS 
BIENNIALS 
PERENNIALS 
DESIRABLES 
UNDESIRABLES 
DESIR. FORBS 
NATIVE GRASS 
BIOMASS 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
STEMS AT 
GROUND 
*** 
*** 
ns 
ns 
ns 
** 
ns 
** 
ns 
COVER IN 
CANOPY 
ns 
ns 
ns 
ns 
ns 
ns 
** 
* 
* 
ns 
FLORISTIC QUALITY AND DIVERSITY MEASURES 
C (based on biomass) ns 
-~-{~-~~~-~ .'?!1. -~'?Y.~~1. ________________ -~~- ______________________________ _ 
FQI (based on biomass) ns 
!:~! _(~~~-~~- ~~ -~9-~~!) _ ---------------~~- -------------------------------
H' (based on indiv. quadrats) * 
.":!~ _(_~~~~~- ~~ -~~~I~ P.~C?!~} _ ----------~~- -------------------------------
DESIRABLE H' (quadrats) ns 
DESIRABLE H' (plots) ns 
OVERALL CANOPY GROUND 
RICHNESS RICHNESS RICHNESS 
** * * 
** ** * 
ns ns ns 
* ** ns 
ns 
* ns ns 
ns * * 
** ** ns 
ns ** ns 
VJ 
....... 
32 
significant treatment effects. A summary of all treatment means for each variable in each 
plant group category is given in Appendix D. 
Plant group response patterns 
With the exception of annual stem density, annuals generally had greater abundance 
and richness in the shorter mowing treatments (Figure 8). Although only annual richness had 
significant treatment differences, nearly all of the variables exhibited greatest annual 
abundance or richness in treatments with short cutting heights. Although perennial richness 
showed a general trend of being greater with shorter and more frequent mowing, there were 
no clear patterns among the other perennial variables. Biennials were not abundant enough 
to test for treatment differences among them as a group. 
With the exception of forb stem density, there was a general trend of greater forb 
abundance and richness with shorter and more frequent mowing (Figure 8). There were no 
significant results or clear patterns among any of the grass abundance or richness variables. 
Woody plants were not abundant enough to test for treatment differences among them as a 
group. 
Both desirable and undesirable species were affected moderately by mowing 
treatment, with several variables exhibiting significant treatment differences (Figure 8). For 
both plant groups, however, the greatest abundance or richness was usually found in one of 
the two extreme mowing treatments (unmowed or 6-20), and no clear trends were observed. 
Biomass 
In terms of biomass, there were no significant treatment differences for any of the 
plant group categories (Figure 8). Although not significant, perennial and grass biomass 
were greatest in the unmowed plots and least in the 10-25 treatment, while annual and forb 
biomass were greatest in the two shortest treatments and least in the two tallest. 
Percent cover 
In terms of percent cover in the canopy, there were few significant treatment effects 
or clear trends (Figure 8). However, desirable cover was significantly lower in the unmowed 
plots than in any mowed treatment, while undesirable cover was significantly greater in the 
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unmowed plots than in any mowed treatment. Additionally, desirable forb cover was 
significantly lower in the unmowed plots than in either of the two shortest mowing 
treatments. 
Stem density 
Ground-level stem density was greatest in the unmowed plots for most of the plant 
group categories (Figure 8). Most notably, forbs, desirable species, and desirable forbs had 
significantly greater stem density in the unmowed plots than in any mowed treatment. 
Undesirable species, however, also had greatest ground stem density in the unmowed plots 
(although not significant). 
Richness 
There was a strong trend of greater species richness with lower cutting for nearly 
every plant group category (Figure 8). Total richness was greatest in the 6-20 treatment 
followed by the 10-25, 13-35, and the unmowed plots in that order. This same trend was 
found for annuals, perennials, forbs, desirables, undesirables, and desirable forbs. Only 
biennials and grasses did not exhibit this trend. 
I also observed this general trend for many of the canopy richness categories, 
particularly those involving desirable or forb species (Figure 9). Ground richness was 
affected somewhat differently, however. Although the short-mowed 6-20 treatment had the 
greatest ground richness for all categories, there was no clear pattern among the other three 
mowing treatments. 
Conservativism, FQI, and Diversity 
Although FQI was slightly greater in the 6-20 treatment than any other, neither mean 
conservativism (C), nor Floristic Quality Index (FQI) exhibited any apparent trends among 
the mowing treatments (Figure 10). This was true regardless of whether C and FQI were 
calculated based on biomass or percent cover. 
Shannon-Wiener diversity indices (H') for all species and for only desirable species 
were greatest for the short-mowed 6-20 treatment, regardless of how calculated. Only H ' for 
all species based on whole plots had significant treatment differences, however (Figure 10). 
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Uncommon species abundance 
There were no apparent differences among the mowing treatments in terms of 
abundance of uncommon species. There were no significant treatment differences in terms 
of uncommon species richness per plot or uncommon species stem density. Also, no 
individual species showed any tendency to be found in one treatment over any other. A 
summary of the total number of each uncommon species found in each mowing treatment is 
given m 
Appendix F. 
Early-season forb species success 
There were also no apparent treatment effects on the early-season success of various 
forb species. Of the forb species measured, none showed considerably greater height or 
stemcounts in any of the mowing treatments. There were also no apparent trends across 
species in terms of early-season plant height or stemcounts. 
Soil moisture 
When sampled on 16 June 1998, percent soil moisture ranged from 26.5 % to 
35.3 % across the 97MOW site with an overall mean of 30.5 % (± 0.4 SE). The mean soil 
moisture was 30.4 % (± 0.4 SE) for the 6-20 mowing treatment, 30.9 % (± 0.9 SE) for the 10-
25 mowing treatment, and 30.3 % (± 0.5 SE) for the 13-35 mowing treatment. There were 
no significant treatment differences with respect to the mowing treatments that had been 
applied in the previous year. No soil samples had been taken while the mowing treatments 
were being applied. 
1997 /98 Seeding/Mowing Experiment 
Vegetation heights 
At the end of the 1997 growing season and during the first half of the 1998 growing 
season, the vegetation in the 5-25, 10-35, and the 15-45 mowing treatments generally 
oscillated between the respective maximum and minimum heights with the cycles of growth 
and mowing (Figure 11 ). The vegetation in the unmowed plots was never cut. 
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Figure 11. Timecourse of mean canopy height in each of the four mowing treatment plots 
as mowing progressed on the 97 /98SEEDMOW site. The dotted lines represent the 
maximum and minimum vegetation height thresholds. 
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General ANOVA results 
Both seeding treatment and mowing treatment had widespread significant effects on 
percent cover and species richness (Table 2). Stem density was affected more strongly by 
seeding treatment than by mowing treatment. Except for the effects on percent cover, 
seeding*mowing interactions were generally not significant. Measures of diversity were 
more strongly affected by mowing treatment than by seeding treatment. C and FQI were 
affected significantly by both seeding and mowing. A summary of all seeding and mowing 
treatment means for each variable in each plant group category is given in Appendix G. 
Seeding treatment results 
Individual species 
A total of 60 different species was encountered on the 97/98SEEDMOW site. The 
number of different species encountered in each seeding treatment ranged from a high of 41 
in the surface treatment to a low of 35 in the shallow and shallow/surface treatments. There 
were 38 different species encountered in the deep treatment. A summary of which species 
were encountered in each treatment is given in Appendix H. Stem density by each species 
was relatively unaffected by seeding treatment (Figure 12). Although seeding treatment had 
significant effects on the density or coverage of nine individual species, there were no 
apparent patterns or trends across species. 
Plant group response patterns 
Both annuals and perennials had greatest abundance and richness in the deep seeding 
treatment and low abundance and richness in the shallow treatment (Figure 13). In contrast, 
the biennials had lowest abundance and richness in the deep treatment and greatest 
abundance and richness in the shallow treatment. For nearly all of these variables, the deep 
treatment mean was significantly different from the shallow treatment mean. 
Although forb cover was significantly greater in the surface treatment than in any 
other seeding treatment, forbs as a group were relatively unaffected by seeding treatment 
(Figure 13). In contrast to the forbs, grasses as a group were strongly affected by seeding 
treatment. Grass richness, cover, and stem density all had significant treatment differences 
and general trends of greater abundance and richness in deeper-drilled seeding treatments. 
Table 2. 97 /98SEEDMOW site summary of ANOV A results of the effects of seeding and mowing on the various plant 
group categories, as well as tloristic quality and diversity. Significant effects are indicated at three levels: * p:S0.05, 
** p:S0.005, *** p:S0.0005. Results that are not significant are indicated with "ns." C is conservativism index, FQI is 
Floristic Quality Index, and H' is Shannon-Wiener diversity index. 
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Abundance and richness of desirable species were greatest in the shallow seeding 
treatment (Figure 13). Both cover and stem density of desirable species were significantly 
greater in the shallow treatment than in any other seeding treatment. Conversely, undesirable 
species cover and stem density were lowest in the shallow treatment, and greatest in the deep 
treatment. 
Percent cover 
Seeding treatment had very different results on the different plant groups. Biennial 
and perennial cover were affected significantly in opposite ways, while annual cover was 
unaffected by seeding treatment (Figure 13). Biennial cover was significantly lower in the 
deep treatment than in any other treatment, whereas perennial cover was significantly greater 
in the deep treatment. Forb cover and grass cover were also affected significantly in opposite 
ways. Percent cover by forbs was significantly greater for the surface treatment than any 
other, while percent cover by grasses was lowest in the surface treatment. Desirable cover 
and undesirable cover were also affected significantly in opposite ways. Percent cover by 
desirable species was greatest in the shallow treatment, while percent cover by undesirable 
species was lowest in the shallow treatment. Desirable forb cover was significantly lower in 
the deep treatment than in any other treatment, while native grass cover showed a strong 
trend of greater cover in the deeper seeding treatments. 
Stem density 
The response of stem density to seeding treatment was similar to the response of 
percent cover to seeding treatment. The deep treatment had low biennial stem density, but 
high perennial stem density (Figure 13). The deep treatment also had low desirable forb 
stem density, but high native grass density. The shallow treatment had the greatest stem 
density by desirable species and the lowest stem density by undesirable species. 
Richness 
Species richness per quadrat was significantly affected by seeding treatment for 
several of the plant group categories (Figure 13). Annual, perennial, grass, and undesirable 
richness were all greatest in the deep treatment. Biennial, desirable, and desirable forb 
richness were all lowest in the deep treatment and greatest in the shallow treatment. 
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Conservativism, FQL and Diversity 
Regardless of how calculated, both mean conservativism and FQI were greatest in the 
shallow treatment and lowest in the surface treatment (Figure 14). Overall diversity was 
greatest in the deep treatment, but desirable diversity was greatest in the shallow treatment. 
The diversity treatment means were not significantly different, however. 
Mowing treatment results 
Individual species 
The number of different species encountered in each mowing treatment ranged from a 
high of 40 in the 5-25 treatment to a low of30 in the 15-45 treatment. Thirty-five species 
were found in the 10-35 treatment and 36 species were found among the unmowed plots. A 
summary of which species were encountered in each treatment is given in Appendix H. 
Stem density by each species was affected only slightly by seeding treatment (Figure 15). 
Although fourteen individual species exhibited some significant mowing treatment effects, 
there were no clear trends across species. 
Plant group response patterns 
There were no apparent, overriding trends in the effect of mowing on abundance or 
richness for any of the plant groups (Figure 16). For each plant group, the variables of 
percent cover, richness, and stem density were each affected in very different ways by the 
mowing treatments. 
Percent cover 
For every plant group category, percent cover was significantly greater in the 
unmowed plots than in any mowed treatment (Figure 16). The unmowed plots always had 
the greatest percent cover because of the difference in structure between them and the plots 
of the three mowing treatments. For this reason, it may be desirable to temporarily ignore 
the unmowed plot results to compare the results among the three mowed treatments. 
Disregarding the unmowed plot results, annuals and perennials exhibited opposite results, as 
did forbs and grasses, and desirables and undesirables. The short (5-25) mowing treatment 
had the greatest annual cover, but the least perennial cover. The 5-25 mowing treatment also 
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had the greatest undesirable cover, but the least desirable cover. And, the 10-35 treatment 
had the greatest forb cover, but the least grass cover. 
Stem density 
For every plant group category, stem density was greatest in the 10-35 mowing 
treatment (Figure 16). Native grass stems were significantly less abundant in the short (5-25) 
mowing treatment than in any other treatment. There were no other apparent trends or 
patterns in the data. 
Richness 
As with the 97MOW site, richness was clearly the variable most strongly and 
consistently affected by mowing treatment. Nearly every plant group category had 
significant mowing treatment effects and exhibited a strong and clear trend of greater 
richness with shorter mowings (Figure 16). Total richness, annual richness, grass richness, 
and undesirable richness were significantly different for every mowing treatment with a 
strong trend of greater richness with shorter mowings. Biennials, desirables, and desirable 
forbs also exhibited this trend, but only weakly. 
Diversity, conservativism, and FQI 
Both conservativism and FQI based on percent cover were greatest in the unmowed 
plots (Figure 17). All measures of conservativism and FQI were lowest in the short (5-25) 
mowing treatment. H' for all species considered together was greatest in the two shortest 
mowing treatments and lowest in the unmowed plots, regardless of the method of calculation. 
Desirable H' was greatest in the 10-35 mowing treatment, regardless of the method of 
calculation. 
Native grass seedhead abundance 
The relative native grass seedhead abundance per plot at the end of the 1998 growing 
season was affected by both seeding treatment and mowing treatment (Figure 18). The 
seedhead abundance index was greatest for the deep treatment (2.21) followed by the 
shallow/surface (2.19), shallow (1.91), and surface (1.60) seeding treatments in that order. In 
terms of the mowing treatments, the seedhead abundance index was greatest for the 10-35 
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3 = 15-50, 4 = >50. Error bars indicate standard errors of the mean. 
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mowing treatment (2.69) followed by the 15-45 (2.36), unmowed (1.67), and 5-25 (1.50) 
treatments. 
Environment 
Soil moisture 
Percent soil moisture values ranged from a maximum of 48.3 % in the wet, lowland 
blocks to a minimum of 12.1 % in the dry, upland blocks on 24 June 1998. The overall mean 
was 27.2 % (± 0.7 SE). Soil moisture values ranged from 28.3 % to 14.0 % with an overall 
mean of21.8 % (± 0.5 SE) on 18 July 1998. The treatment means and multiple range test 
groupings for percent soil moisture are given in Table 3. For both sampling dates, there were 
no significant seeding treatment differences, but there were significant mowing treatment 
differences and a trend of greater percent soil moisture with taller mowing treatments. There 
was a very strong correlation between soil moisture and vegetation height for both soil 
collection dates (Figure 19). 
Light penetration 
Quantum sensor data from block 5 on July 2-7 and from block 8 on July 9-15 showed 
that there were some large differences in the light environment of the different treatments. 
On both dates, the proportion of light incident on the canopy that makes it to the ground was 
considerably lower for the unmowed plots than for any mowed treatment. There was a 
strong relationship between light penetration to the ground and vegetation height (Figure 20). 
A composite timecourse of photon flux for both dates showed clear differences in photon 
flux with vegetation height over the course of an average day (Figure 21 ). 
Temperature environment 
The effect of vegetation height on temperature differed somewhat with position in the 
canopy. As evidenced by daily timecourses in Figures 22 and 23, temperature in and near 
the ground was greatly influenced by the different mowing treatments, while temperature 53 
cm above the ground was essentially unaffected. Both in the soil and at the near-ground 
level, short vegetation heights resulted in temperatures greater than surrounding air 
temperature, while tall vegetation heights resulted in temperatures equal to, or lower than, 
surrounding air temperature (Figure 24). 
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Table 3. Duncan groupings for seeding and mowing treatment effects on percent soil 
moisture on two separate sampling dates. Treatments with the same grouping letter 
are not significantly different from each other (Duncan multiple range test, alpha = 0.05). 
24 June 1998 18 July 1998 
Seeding treatment effects Seeding treatment effects 
Group Seed Trt Std Err Mean N Group Seed Trt Mean Std Err N 
A shal/sur 1.6 27.9 36 A shal/sur 22.4 1.0 12 
A shallow 1.4 27.0 36 A shallow 22.1 1.1 12 
A surface 1.4 27.0 36 A surface 21.4 1.1 12 
A deep 1.4 26.9 36 A deep 21 .2 0.9 12 
Mowing treatment effects Mowing treatment effects 
Group Mow Trt Std Err Mean N Group Mow Trt Mean Std Err N 
A Un mow 1.3 29.7 36 A Unmow 23.9 0.8 12 
B 15-45 1.4 27.1 36 A 15-45 22.8 1.0 12 
B 10-35 1.4 26.3 36 B 10-35 20.4 0.9 12 
B 5-25 1.6 25.8 36 B 5-25 20.0 1.0 12 
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Figure 19. Percent soil moisture versus vegetation height on the 97/98SEEDMOW 
site for two separate sampling dates. The mowing treatment from which each value 
was obtained is indicated. For each datapoint on 24 June, n = 36. For each 
datapoint on 18 July, n = 12. 
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average reading taken between 800 and 1600 solar time from July 2-7 and July 9-15 on 
blocks 5 and 8 of the 97/98SEEDMOW site. 
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Figure 21. Daily timecourse of near-ground photon flux density in vegetation of 
various heights on the 97 /98SEEDMOW site. Each line is an average timecourse 
obtained from July 2-7 and July 9-15. The July 2-7 data were taken from block 5, 
while the July 9-15 data were taken from block 8. On the July 9-15 graph, the two 
lines from the 5-25 treatment represent pre-mowing and post-mowing heights. 
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Figure 22. Daily timecourse of temperature in each of the four mowing treatments 
for each of the three thermocouple locations on the 97/98SEEDMOW site. Each line 
is an average timecourse obtained from July 2-7. 
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Figure 23. Daily timecourse of temperature in each of the four mowing treatments 
for each of the three thermocouple locations. Each line is an average timecourse 
obtained from July 9-15 . The two lines derived from the 5-25 treatment represent 
pre-mowing and post-mowing. 
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Figure 24. Deviation of soil temperature and near-ground temperature from air 
temperature, versus vegetation height on the 97 /98SEEDMOW site. Each value 
is a single-sensor, daily average reading taken between 1300 and 1600 solar time 
from July 2-7 and July 9-15 on blocks 5 and 8 of the 97 /98SEEDMOW site. 
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1998 Seeding/Mowing "V ARMAX" Experiment 
Seedling emergence success 
Total native seedling density and native grass seedling density were greatest in the 
shallow treatment and least in the deep treatment when sampled shortly after germination on 
2 July 1998 (Figure 25). Native forb density and overall native seedling richness were also 
lowest in the deep treatment, although not significant. There were no significant correlations 
between the native seedling density and either pre-existing vegetative cover, cornstalk trash 
cover, or soil moisture. 
Vegetation heights 
Throughout the 1998 growing season, the vegetation in the 10-25, 10-35, and 
10-45 mowing treatments generally oscillated between the respective maximum and 
minimum heights with the cycles of growth and mowing (Figure 26). The vegetation in the 
unmowed plots was never cut. 
General ANOV A results 
The ANOV A results of mowing and seeding treatment on the various plant 
community variables are summarized in Table 4. Both seeding and mowing had significant 
effects on a wide variety of variables and plant groups. Seeding treatment had a stronger 
effect on stem density and richness than did mowing treatment. Seeding treatment also had 
very highly significant effects on all of the diversity measures. Except for stem density, 
conservativism, and FQI, seeding*mowing interaction was generally not significant. A 
summary of all seeding and mowing treatment means for each variable and plant group is 
given in Appendix I. 
Seeding treatment results 
Individual species 
A total of 79 different species was encountered on the 98SEEDMOW "V ARMAX" 
site. The number of different species encountered in each seeding treatment ranged from a 
high of 47 in the shallow treatment to a low of 42 in the deep and surface treatments. Forty-
four species were found in the shallow/surface treatment. A summary of which species were 
encountered in each treatment is given in Appendix J. Stem density by each species was 
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Figure 26. Timecourse of mean canopy height in each of the four mowing treatment plots 
as mowing progressed on the 98SEEDMOW "V ARMAX" site throughout the 1998 
growing season. The dotted lines represent the maximum and minimum vegetation 
height thresholds. 
Table 4. 98SEEDMOW "V ARMAX" site summary of ANOV A results of the effects of seeding and 
mowing on the various plant group categories, as well as floristic quality and diversity. Significant effects 
are indicated at three levels: * p:S0.05, ** p:S0.005, *** p:S0.0005. Results that are not significant are 
indicated with "ns". FQI is Floristic Quality Index and H' is Shannon-Wiener diversity index. 
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affected somewhat by seeding treatment (Figure 27). For each of the eight individual species 
that exhibited significant seeding treatment effects, stem density was greater in the surface 
and shallow/surface treatments than in the deep treatments. 
Plant group response patterns 
Perennial species were affected more strongly by seeding treatment than were annual 
or biennial species. Both perennial richness and stem density were significantly greater in 
the shallow and shallow/surface treatments than in either the surface or deep treatments 
(Figure 28). Perennial richness and stem density were also significantly lower in the deep 
treatment than in any other seeding treatment. Both annual richness and stem density were 
lowest in the deep treatment. Both biennial richness and biennial stem density were greatest 
in the shallow/surface seeding treatment. 
Forb richness and stem density were significantly greater in the shallow/surface 
treatment and significantly lower in the deep treatment (Figure 28). Grasses as a group were 
relatively unaffected by seeding treatments, although grass stem density was significantly 
lower in the deep treatment than in the other three seeding treatments. 
Desirable species were affected by seeding treatment much more strongly than were 
undesirable species. Desirable species richness and stem density were significantly greater 
in the shallow/surface treatment and significantly lower in the deep treatment (Figure 28). 
Undesirable richness and stem density were also lowest in the deep seeding treatment. 
Stem density 
Every plant group except biennials exhibited significant seeding treatment differences 
in terms of stem density (Figure 28). With the exception of biennials, stem density was 
lowest in the deep seeding plots for every plant group category. Both desirable species 
richness and desirable forb stem density were greatest in the shallow/surface seeding 
treatment plots. 
Richness 
Species richness was greatest in the shallow/surface treatment followed by the shallow, 
surface, and deep seeding treatments in that order, for most of the plant group categories 
(Figure 28). Only annuals, grasses, and undesirable species did not exhibit this pattern. 
1.0 
0.8 
0.6 
0.4 
0.2 
0.0 
0.8 
...... 
ro 
..... 
-go.6 
:::J 
O" 
N Q.4 
E 
L() N0.2 
0 
64 
Deep 
Shallow 
Q;o.o +c"-'..LCL~'-'-""----"''--"-ll.-'-'"-'-'-'-'------""~~...L'-'"--'-'-LI--"'-'-""'++----'-'*'.__~m..w.~___..'-'-'--~--""~'-'--~.__..._.-'-LI.~++--"'--"._..__~~-'++' 
Q.. 
en 
E0.8 
Q.) 
...... 
en 
00.6 
..... 
Q.) 
.0 0.4 
E 
:::J 
Z0.2 
0.8 
0.6 
0.4 
Shallow/Surface 
Surface 
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Conservativism, FQL and Diversity 
All measures of mean conservativism, FQI, and H', regardless of how calculated, 
were greatest in the shallow/surface seeding treatment and lowest in the deep and surface 
seeding treatments (Figure 29). The shallow/surface seeding treatment had significantly 
greater FQI and H' than any other seeding treatment. 
Mowing treatment results 
Individual species 
The number of different species encountered in each mowing treatment ranged from a 
high of 48 in the 10-25 treatment to a low of 35 in the unmowed plots. Forty-six species 
were found in the 10-35 treatment and 45 species were found in the 10-45 treatment. A 
summary of which species were encountered in each mowing treatment is given in Appendix 
J. Stem density by each species was relatively unaffected by mowing treatment (Figure 30). 
Only three individual species were significantly affected by the mowing treatments: foxtail, 
dandelion, and field com (Zea Mays). 
Plant group response patterns 
Annuals, biennials, and perennials as groups were each moderately affected by 
mowing treatment (Figure 31). For nearly all annual, biennial, and perennial variables, 
richness and stem density were greatest in the most frequent (10-25) mowing treatment. 
Forbs as a group were affected strongly by mowing treatment, while grasses as a 
group were unaffected. Both forb richness and forb stem density had significant treatment 
differences and a clear trend of greater richness and density in more frequently mowed 
treatments (Figure 31 ). 
Both desirable species and undesirable species were moderately affected by mowing 
treatment. For both plant group categories, stem density and richness were generally greater 
in more frequently-mowed treatments (Figure 31 ). 
Stem density 
In most plant group categories, stem density was greatest in the 10-25 mowing 
treatment and lowest in the unmowed plots (Figure 31 ). Only perennials, desirable species 
and native grasses did not exhibit this trend. Among the three mowed treatments, however, 
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perennials, desirable species and native grasses exhibited a trend of greater stem density with 
more frequent mowing. 
Richness 
For most plant group categories, species richness was greatest in the 10-25 mowing 
treatment and exhibited a trend of greater richness in more frequently mowed plots (Figure 
31 ). Annuals, biennials, grasses, and undesirable species exhibited this trend only weakly. 
Notably, desirably richness and desirable forb richness were significantly greater in the 10-
25 treatment than in any other treatment. 
Conservativism, FQI, and Diversity 
Mean conservativism was greatest in the unmowed plots and relatively equal among 
the three mowed treatments (Figure 32). FQI was greatest in the 10-25 treatment, but also 
quite high in the unmowed plots. Considering all species, H' was roughly equal among all 
mowing treatments. But considering only desirable species, H' was significantly greater in 
the 10-25 treatment with a trend of greater diversity with more frequent mowing. 
Native grass seedhead abundance 
The relative native grass seedhead abundance per plot at the end of the 1998 growing 
season was affected strongly by both seeding treatment and mowing treatment (Figure 33). 
The seedhead abundance index was considerably lower for the surface treatment than for any 
of the other three seeding treatments. Seedhead abundance index was 1.52 in the deep, 1.41 
in the shallow/surface, 1.33 in the shallow, and 0.85 in the surface seeding treatment. 
Seedhead abundance index was considerably lower in the 10-45 mowing treatment (0.83) 
than in either the 10-35 (1.42) or the 10-25 (1.58) mowing treatments. There were no native 
grass seedheads observed in the unmowed plots. 
Plant biomass responses 
Individual native grass clump biomass was not affected by seeding treatment, but was 
significantly affected by mowing treatment (Figure 34). Although native grass clumps were 
most abundant in the unmowed strips, they were significantly smaller in these strips than in 
any of the mowed treatments. There was a clear trend of greater native grass biomass with 
more frequent mowing. 
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There were no significant seeding or mowing treatment differences in mean 
individual prairie clover (Dalea) biomass (Figure 34). However, biomass per Dalea stem 
was considerably less in the unmowed plots than in the mowed treatments. 
When native grass density and biomass were measured along with foxtail density and 
biomass in the same quadrats in block 4, some correlations were discovered. Native grass 
density and foxtail density were significantly correlated with each other in a negative way 
(r = -0.68, p = 0.004). Although not significant, weight per native grass clump was also 
negatively correlated with foxtail density (r = -0.48, p = 0.06) and the weight per foxtail stem 
(r = -0.42, p = 0.10). 
Environment 
Soil moisture 
Percent soil moisture values ranged from 19.9 % to 40.0 % with an overall mean of 
26.0 % (± 0.3 SE) on 24 June 1998 when all nine blocks were sampled prior to germination. 
Values ranged from 20.8 % to 27.2 % with an overall mean of 23.9 % (± 0.3 SE) on 18 July 
1998 when blocks 1, 5, and 9 were sampled. Values ranged from 14.7 % to 21.8 % with an 
overall mean of 17.4 % (± 0.2 SE) on 27 July 1998 when blocks 2, 3, and 6 were sampled. 
There were no significant seeding treatment or mowing treatment effects on soil moisture on 
either 24 June or 27 July (Table 5). On 18 July, there were significant mowing treatment 
differences with the 10-45 mowing treatment having significantly higher percent soil 
moisture than either of the other two mowing treatments tested (no samples were taken from 
the unmowed plots). On 18 July, there was a strong correlation between soil moisture and 
vegetation height (Figure 35). The soil data from 27 July showed that the three mowed 
treatment plots had a similar trend of soil moisture with vegetation height, but also showed 
unexpectedly low percent moisture values in the unmowed plots. 
Light penetration 
The proportion of light incident on the canopy that makes it to the ground was 
strongly affected by vegetation height. Although vegetation 15 cm in height allows 90 to 
100% of incident light to penetrate to the ground, vegetation 30 cm in height allows light 
penetration of only 50% (Figure 36). A composite timecourse of photon flux showed clear 
Table 5. Duncan groupings for seeding and mowing treatment effects on soil moisture on three separate sampling 
dates from the 98SEEDMOW "V ARMAX" site. Treatments with the same letter are not significantly different from each 
other (Duncan multiple range test, alpha = 0.05). 
24 June 1998 18 July 1998 27July1998 
Seeding treatment effects Seeding treatment effects Seeding treatment effects 
Group Seed Trt Mean Std Err N Group Seed Trt Mean Std Err N Group Seed Trt Mean Std Err 
A shallow 26.52 0.73 27 A shallow 24.24 0.64 9 A surface 17.87 0.57 
A shal/sur 26.12 0.58 27 A deep 24.11 0.60 9 A deep 17.68 0.51 
A surface 25.73 0.63 27 A shal/sur 24.10 0.64 9 A shal/sur 17.16 0.50 
A deep 25.70 0.79 27 A surface 22.99 0.34 9 A shallow 17.00 0.36 
Mowing treatment effects Mowing treatment effects Mowing treatment effects 
Group Mow Trt Mean Std Err N Group Mow Trt Mean Std Err N Group Mow Trt Mean Std Err 
A 10-25 26.50 0.52 36 A 10-45 25.25 0.45 12 A 10-35 17.73 0.56 
A 10-45 26.19 0.69 36 B 10-25 23.32 0.29 12 A 10-45 17.61 0.62 
A 10-35 25.36 0.55 36 B 10-35 23.01 0.47 12 A 10-25 17.46 0.33 
A Un mow 16.90 0.41 
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Figure 35. Percent soil moisture versus vegetation height on the 98SEEDMOW 
"V ARMAX" site for two separate sampling dates. The mowing treatment from 
which each value was obtained is indicated. For each datapoint, n = 12. (Soil 
was also collected on 24 June, but there was no vegetation present) 
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versus vegetation height on the 98SEEDMOW "V ARMAX" site. Each value is a 
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differences in photon flux with different vegetation heights over the course of a day 
(Figure 37). 
Temperature environment 
The effect of vegetation height on temperature differed somewhat with position in the 
canopy. As evidenced by daily timecourses in Figure 38, temperatures in and near the 
ground were influenced more strongly by the different mowing treatments than temperatures 
53 cm above the ground. Both in the soil and at the near-ground level, short vegetation 
heights resulted in temperatures greater than surrounding air temperature, while tall 
vegetation heights resulted in temperatures equal to, or lower than, surrounding air 
temperature (Figure 39). 
1998 Seeding/Mowing "V ARMIN" Experiment 
Vegetation heights 
Throughout the 1998 growing season, the vegetation in the 8-35, 15-35, and the 15-
25 mowing treatments generally oscillated between the respective maximum and minimum 
heights with the cycles of growth and mowing (Figure 40). The vegetation in the unmowed 
plots was never cut. 
General ANOV A results 
A summary of all ANOV A results of mowing and seeding treatment on the plant 
community variables is given in Table 6. Although seeding treatment had very highly 
significant effects on a wide variety of plant group categories and diversity measures, 
mowing treatment had only a few significant effects. There were no significant 
seeding*mowing interactions. A summary of all seeding and mowing treatment means for 
each variable in each plant group category is given in Appendix K. 
Seeding treatment results 
Individual species 
A total of 79 different species was encountered on the 98SEEDMOW "V ARMIN" 
site. The number of different species encountered in each seeding treatment ranged from a 
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Table 6. 98SEEDMOW "VARMIN" site summary of ANO VA results of the effects of seeding and 
mowing on the various plant group categories, as well as floristic quality and diversity. Significant effects 
are indicated at three levels: * p:S0.05, ** p:S0.005, *** p:S0.0005. Results that are not significant are 
indicated with "ns." FQI is Floristic Quality Index and H' is Shannon-Wiener diversity index. 
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UNDESIRABLES 
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STEMS 
*** 
*** 
*** 
ns 
ns 
*** 
*** 
ns 
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*** 
RICHNESS 
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high of 42 in the deep treatment to a low of 34 in the shallow treatment. Forty species were 
found in the shallow/surface treatment and 38 species were found in the surface treatment. A 
summary of which species were encountered in each treatment is given in Appendix L. Stem 
density by each species was affected somewhat by seeding treatment (Figure 41 ). Of the six 
individual species that exhibited significant treatment effects on stem density, nearly all had 
their lowest stem density in the deep seeding treatment. 
Plant group response patterns 
Neither annuals nor biennials as groups were significantly affected by seeding 
treatment, while perennials were strongly affected (Figure 42). Perennial richness and 
perennial stem density were both greatest in the shallow/surface treatment and least in the 
deep treatment. Perennial richness and stem density were both significantly lower in the 
deep treatment than in any of the other seeding treatments. 
Both forb richness and forb stem density were significantly greater in the shallow 
/surface treatment than in any other seeding treatment (Figure 42). Forb richness and density 
were also lowest in the deep treatment. Grass species richness was not significantly affected by 
seeding treatment, but grass stems were significantly more abundant in the shallow treatment, 
and significantly less abundant in the deep treatment, than in any other seeding treatment. 
Desirable species as a group were affected greatly by seeding treatment, while 
undesirable species were unaffected. Both desirable richness and desirable stem density 
were greatest in the shallow/surface treatment and least in the deep treatment (Figure 42). 
Stem density 
Several plant group categories exhibited significant seeding treatment differences. 
For all those categories with significant differences, the shallow or shallow/surface 
treatments had significantly greater stem density than either the deep or surface seeding 
treatments (Figure 42). Desirable forb stem density was significantly greater in the 
shallow/surface treatment than in any other treatment, and native grass stem density was 
significantly greater in the shallow and shallow/surface treatments than in either of the other 
two treatments. Annual, biennial, and undesirable stem density were not significantly 
affected by seeding treatment. 
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Figure 41 . Mean stem density by each species for the four seeding treatments on the 
98SEEDMOW "V ARMIN" site. The species are arranged from left to right in ascending 
order of their conservativism numbers (ranging from 0 to 9), such that species on the left 
are least conservative and species on the right are most conservative. Error bars indicate 
standard errors of the mean. Species codes are the first three letters of the genus and species. 
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Richness 
As with stem density, richness was also greatest in the shallow/surface treatment and 
lowest in the deep treatment for many plant groups (Figure 42). This was true for total 
richness, perennial richness, forb richness, desirable richness, and desirable forb richness. 
Annual richness, biennial richness, grass richness, and undesirable species richness were not 
significantly affected by seeding treatment. 
Conservativism, FQL and Diversity 
Conservativism, FQI, and all measures of H' were significantly greater in the 
shallow/surface seeding treatment than in any other seeding treatment (Figure 43). The other 
three seeding treatments all had similar mean values for H', but the deep and surface seeding 
treatments had the lowest conservativism and FQI. 
Mowing treatment results 
Individual species 
The number of different species encountered in each mowing treatment ranged from a 
high of 43 in the 15-35 treatment to a low of35 in the 15-25 treatment. Forty-two species 
were found in the 8-35 treatment and 37 species were found in the unmowed plots. A 
summary of which species were found in each treatment is given in Appendix L. Stem 
density by each species was essentially unaffected by mowing treatment (Figure 44). Only 
four individual species (barnyardgrass, wild bergamot, foxtail, and field corn) exhibited 
significant mowing treatment differences. 
Plant group response patterns 
There were no significant treatment effects for biennials or perennials as groups. 
Annual richness was also not affected, but annual stem density was significantly greater in 
the 15-35 treatment than in the unmowed plots (Figure 45). 
Neither forbs nor grasses exhibited any significant mowing treatment effects or clear 
trends (Figure 45). 
Desirable species as a group were unaffected by mowing treatment, but undesirable 
stem density was significantly lower in the unmowed plots than in the 15-35 or 8-35 
treatments (Figure 45). 
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Stem density 
In terms of stem density, only annuals, undesirable species, and foxtails were 
significantly affected by mowing treatment (Figure 45). For these three categories, stem 
density was significantly greater in the 15-35 treatment than in the unmowed plots. 
Richness 
No richness variables were significantly affected by mowing treatment (Figure 45). 
There were also no clear patterns or trends in the relationship between richness and mowing 
height. 
Diversity, conservativism, and FQI 
Both conservativism and FQI were greatest in the unmowed plots and lowest in the 
15-35 treatment (Figure 46). Conservativism was significantly greater in the unmowed plots 
than in the 15-35 treatment. There were no significant mowing treatment differences in 
terms of H', regardless of the method of calculation. 
Native grass seed head abundance 
Neither seeding treatment nor mowing treatment had any major effects on the relative 
abundance of native grass seedheads per plot (Figure 4 7). 
Plant biomass responses 
Individual native grass clump biomass was significantly affected by seeding 
treatment (Figure 48). Native grass biomass per clump was greatest in the deep seeding 
treatment and lowest in the surface seeding treatment. Although not significant, there was a 
general trend of greater native grass biomass with more frequent mowing. 
Environment 
Soil moisture 
Percent soil moisture values ranged from 45.9 % to 18.8 % with an overall mean of 
24.0 % (± 0.4 SE) on 1 July 1998 when all blocks were sampled prior to germination. There 
were no significant seeding or mowing treatment differences in terms of soil moisture. 
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Light penetration 
The proportion of light incident on the canopy that makes it to the ground was 
strongly affected by vegetation height. Irradiance at the ground level was considerably 
greater in the short 8-35 treatment vegetation than in the taller unmowed plots (a problem 
with one datalogger prevented the collection of data from the other two treatments) (Figure 
49). A composite timecourse of photon flux showed clear differences in photon flux with 
different vegetation heights over the course of a day (Figure 50). 
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DISCUSSION 
Mowing Effects 
Mowing is an important part of the early reconstruction process, as evidenced by the 
fact that nearly all of the sites studied had greater diversity and floristic quality in plots that 
received some kind of mowing. Only the 98SEEDMOW "V ARMIN" site did not exhibit 
any apparent response to mowing treatment. I believe this lack of treatment response by the 
"V ARMIN" site is a result of inconsistent application of the mowing treatments. On several 
occasions, vegetation was allowed to get too tall before mowing in the 15-35 and 15-25 
treatments (Figure 40). Also, mowing for all treatments generally occurred on the same 
dates. For these reasons, the plots of this site did not receive distinctly different mowing 
treatments and, thus, this site was not included in the interpretation of the overall mowing 
treatment results. 
Because of the nature of the mowing treatments applied, it is difficult to determine 
with certainty which factors regarding mowing are most important. For both the 97MOW 
and 97/98SEEDMOW sites, treatments that were mowed closer were also mowed more 
frequently, making it difficult to determine which (cutting height or mowing frequency) is 
more influential on the plant community (cutting height is defined as the vegetation height 
after cutting). The results of the 98 "V ARMAX" site, where the mowing treatments differed 
only in mowing frequency, suggest that at least mowing frequency (or the corresponding 
maximum vegetation height) has an important influence on the plant community. The large 
differences between the results of the 5-25 and the 10-35 mowing treatments on the 
97 /98SEEDMOW site suggest that cutting height may also be an important factor. The 
effect of a given mowing treatment may also be somewhat site-specific, depending on the 
age of the reconstruction, the dominant weedy vegetation cover, and other factors. The 
effects of mowing treatment, although not generally observed within individual species, were 
often manifested among the various plant groups in terms of community measures like 
richness, diversity, and floristic quality. 
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Species richness is increased with shorter or more frequent mowing on newly-
reconstructed sites. For all three sites considered (97MOW, 97/98SEEDMOW, and 98 
"V ARMAX"), mowing had its strongest effect on species richness, with significant increases 
in species richness generally proportionate with shorter or more frequent mowing. The 
results differ somewhat by site, however. On the 97MOW site, shorter and more frequent 
mowing led to similar increases in richness for nearly all plant groups. Short and frequent 
mowing increased annual richness as well as perennial richness, and increased desirable 
richness as well as undesirable richness. On the 97 /98SEEDMOW site, short and frequent 
mowing led to a greater increase in annual and undesirable species richness than in perennial 
and desirable species richness. Gibson et al. (1993) also found that mowing increased 
species richness primarily by increasing the number of weedy species, and Smeins (1973) 
found an increase in annual forb richness with mowing. On the 98 "V ARMAX" site, 
however, just the opposite response was observed; frequent mowing led to a greater increase 
in perennial and desirable richness than in annual and undesirable species richness. 
The richness results from each site appear to be most closely related to the makeup of 
the plant community on each site. Short and frequent mowing appears to increase the species 
richness of plant groups in proportion to their relative abundance in the community. Since 
the 97MOW site was a 2.5 year-old site with a fairly even mix of desirable natives and 
undesirable annuals, mowing increased the richness of both groups equally. Because the 
97/98SEEDMOW site was only one year old and dominated by a wide variety of weedy 
annuals, the greatest increase in richness was observed among these weedy annuals. The 98 
"V ARMAX" site was less than a year old, and might have been expected to have a plant 
community similar to that of the 97/98SEEDMOW site. However, the 98 "VARMAX" site 
was dominated by foxtail, with very few broad-leaf weeds. I believe that the foxtail may 
have served the function of a companion crop for the native species by helping to control the 
number of weedy species present and allowing the native grasses and forbs to compete more 
strongly. Schwarzmeier (1970) has discussed the potential importance of having a 
companion crop to control the invasion of weedy species while the conservative native 
species take time to establish themselves. Canada Wild Rye has been widely used in 
reconstruction plantings because it establishes quickly, serves the function of cover crop for 
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other native species, then declines in abundance over five to ten years. In the first year of a 
reconstruction, it does not seem unreasonable to assert that foxtail could act as a suitable 
natural companion crop provided it is mowed to keep the canopy from becoming too dense 
and to keep it from producing seed. It is somewhat difficult to fully explain the dramatic 
differences in dominant weedy cover between the 97/98SEEDMOW and 98SEEDMOW 
sites. However, I believe that the 97/98SEEDMOW site was occupied by a wide variety of 
broad-leaf weeds as a result of poor site preparation, extremely moist conditions, and 
planting too late in the season. Although I believe that the 98SEEDMOW sites were 
relatively free from broad-leaf weeds because of the dominant foxtail cover present, it is 
unclear why the 98SEEDMOW site was dominated by foxtail to begin with. 
In addition to species richness, diversity is also affected by mowing treatment. 
Shannon-Wiener diversity was calculated using individual quadrats as well as whole plots. 
The reason I used two different calculation methods was to assess the effects of scale on the 
sampling. By comparing the diversity per 0.25m2 quadrat to the diversity per whole plot I 
can get a rough idea of the general spatial patterning of the species present. For all sites 
considered, there was only a slight increase in Shannon-Wiener diversity going from 
individual quadrats to whole plots. This suggests, as expected, that the vegetation of these 
sites was quite homogeneously mixed with little clumping or spatial patterning. It also 
confirms that the 0.25m2 quadrat was an adequate sample size. Nearly all of the species in a 
treatment plot would have been encountered in the placement of a single 0.25m2 quadrat. 
Although the effect of mowing on diversity was not as strong or proportionate as the 
effect of mowing on richness, species diversity was also increased with shorter or more 
frequent mowing. As with the richness results, however, the effects on diversity were 
somewhat site-specific. On the 97MOW site, the shortest and most frequently mowed (6-20) 
treatment had the highest species diversity, whether all species were considered or only 
desirable species. There was a large difference in mean desirable diversity between the 6-20 
and the 10-25 treatments. This is a surprising result since these two treatments were so 
similar to each other. It is unclear what caused the unexpectedly low diversity values in the 
10-25 treatment. On the 97/98SEEDMOW site, the 5-25 treatment had high overall 
diversity, but low desirable species diversity. The shortest and most frequent mowing on this 
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site resulted in high diversity, but this high diversity was due primarily to undesirable weedy 
annuals. The second-shortest and second-most frequent mowing treatment (10-35), however, 
had significantly higher overall and desirable species diversity than most other treatments. 
The implication of these results may be that, while short and frequent mowing may be 
beneficial to newly-reconstructed weedy vegetation, there may be a lower limit on the 
optimum cutting height. Cutting the vegetation to 5 cm seems to have surpassed the critical 
threshold beyond which the undesirable annuals are benefitted more strongly than the 
desirable species. On the 98 "V ARMAX" site, diversity differed only slightly with mowing 
treatment. Because of the dominance by foxtail, there were so few weedy species that the 
effect of mowing treatment on diversity was limited largely to the effect on native species 
diversity. Desirable species diversity was significantly greater in the most frequently mowed 
(10-25) treatment than in most other treatments. More frequent mowing on this site resulted 
in slight but proportionate increases in the diversity of desirable species. 
The responses of mean conservativism (C) and Floristic Quality Index (FQI) differed 
among the study sites. C measures how "prairie-like" the plant community is, by taking into 
account the conservativism of each species weighted by its relative abundance. FQI is also a 
measure of how "prairie-like" the community is, but it takes into account not only the mean 
conservativism, but also desirable species richness. On the 97MOW site, C and FQI were 
fairly similar among all mowing treatments, suggesting that short and frequent mowing on 
this site did little to push the plant community toward being more or less desirable and 
conservative. On the 97 /98SEEDMOW site, C and FQI were clearly lowest in the shortest 
and most frequently-mowed (5-25) treatment. This is convincing evidence that the shortest 
mowing treatment on this site caused a decrease in desirable and conservative species 
abundance with a corresponding increase in undesirable and weedy species abundance --
evidence that a new prairie reconstruction can be mowed too short and frequently. The 
significantly greater cover-based C and FQI in the unmowed plots was due to the unmowed 
plots having greater structural complexity and large percent cover by gaura and primrose. 
Based on observations, I do not believe that the unmowed plots actually had C or FQI any 
greater than the 10-35 or 15-45 treatments. On the 98 "VARMAX" site, both C and FQI 
were relatively high in the unmowed plots. This is because these plots had high native grass 
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stem density with low foxtail stem density. The most frequently mowed (10-25) treatment 
had low C but the highest FQI, suggesting that the increase in foxtail density brought about 
by frequent mowing was outweighed by the corresponding increase in desirable species 
richness. 
There were no significant effects of mowing treatment on biomass on the 97MOW 
site. This lack of significant biomass effects, however, may be due to small sample size. 
Only half of all quadrats (two from each plot) had biomass data collected from them. 
Although there were no significant effects, perennial, grass, and native grass biomass values 
were considerably lower in the 10-25 treatment than in the others. This is in contrast to the 
results of Becic and Bragg (1976) who found that close mowing of an established site 
increased the abundance of some perennials, presumably by inducing underground 
spreading. My results are, however, fairly consistent with those of Diboll (1984) who found 
that mowing did not have any significant effect on warm-season grass biomass. The lack of 
any significant effects of mowing on native grass biomass suggest that, rather than promoting 
the success of the native perennial grasses as expected, short and frequent mowing may have 
suppressed the native grasses in some way. This idea is supported by Dwyer et al. (1963) 
who found that frequent mowing resulted in a decrease in native grass root productivity. 
Vogel and Bjugstad (1968) found a decrease in the number of native grass tillers and 
reproductive culms in aggressively-mowed plots. Ehrenreich (1959) found that aggressively-
mowed plots had decreased above-ground productivity. Diboll also found that mowing 
resulted in a decrease in weedy (undesirable annual) biomass. Short and frequent mowing on 
the 97MOW site had no effect on undesirable species biomass but did increase biomass by 
annual species. However, the majority of the increase in annual species biomass was due to 
increases in the abundance of partridge pea. 
Biomass data collected from the 98 "V ARMAX" site show that first-year native 
grasses are generally more massive in more frequently mowed treatments. The native 
grasses in the unmowed plots, while abundant, were considerably smaller than those in any 
other treatment. As evidenced by the environmental data collected, low levels of available 
light, available moisture, and temperature all may have contributed to the small size of native 
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grasses under the unmowed foxtail canopy. It is unknown what proportion of these spindly 
native grasses in the unmowed plots are likely to survive in the next growing season. 
The Dalea plants clipped for biomass were also considerably smaller in the unmowed 
plots than in the other treatments. The prairie clovers were selected because they were 
abundant, were some of the most conservative forb species present, and had been used by 
previous researchers as forb indicator species (Berg, 1990; Howell and Kline, 1992). Aside 
from lower above-ground biomass in the unmowed plots, there were no effects of seeding or 
mowing treatment on aboveground biomass of prairie clovers. This is a bit surprising 
considering Howell and Kline (1992) found that Dalea purpurea was significantly affected 
by the level of weedy competition that it experienced. However, they also found that Dalea 
purpurea did poorly only when competing with broad-leaved weeds and actually performed 
quite well when competing with big bluestem. On this site, about the only competition to 
Dalea purpurea would have been native grasses and foxtail. 
The effects of mowing treatment on percent cover varied between the 97MOW and 
97/98SEEDMOW sites. On the 97MOW site, short and frequent mowing generally led to a 
more desirable canopy with a greater ratio of desirable/undesirable percent cover. The 
undesirable cover component on this site was often observed to be comprised of common 
ragweed or giant ragweed individuals that existed in open spaces and grew quite large. It is 
most probable that mowing increased the desirability of the canopy primarily by preventing 
most undesirable species from existing in the canopy. The percent cover results were quite 
different, however, on the 97 /98SEEDMOW site. Because of their greater structural 
complexity, the unmowed plots had significantly greater percent cover than any of the other 
mowing treatments. For this reason, it is difficult to determine which plant groups, if any, 
would have actually had greatest cover in the unmowed plots if their canopies had been 
similar in structure. By considering only cover values relative to the total cover, I am 
confident that the unmowed plots truly had the greatest biennial cover, desirable cover, forb 
cover, and desirable forb cover. These conclusions are supported by observations made in 
the field. The unmowed plots had far greater biennial cover than any of the other mowing 
treatment plots because sampling took place in the second year when common biennials 
(gaura, primrose, black-eyed susan, and fleabane) had bolted and flowered. In the mowed 
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plots, biennial coverage was low because the flowering stalks had been mowed off. But, in 
the unmowed plots, these large biennial flowering stalks occupied a large proportion of the 
canopy. The high desirable, forb, and desirable forb cover values in the unmowed plots are 
probably derived from the great cover by these few common biennial species. Excluding the 
unmowed plots from the interpretation, it appears that the shortest and most frequently 
mowed treatment (5-25) had the greatest annual and undesirable cover with the lowest 
perennial and desirable cover. Annual cover, undesirable cover, and grass cover all showed 
similar trends because all three of these variables were primarily driven by the coverage of 
foxtail (the most abundant grass on the site). 
Again, the great differences between the 5-25 and the 10-35 treatments suggest that 
there may be some sort of important threshold between the 5-25 and the 10-35 treatments, 
probably associated with the cutting height. In fact, as mowing progressed in the early part 
of the 1998 growing season, I observed some dramatic changes in the visible appearance of 
the vegetation of the 5-25 plots that I did not see in the other mowing treatments. Perhaps on 
a new reconstruction, where the young native grass and forb seedlings have not yet had a 
chance to adequately establish themselves, there is a lower limit on cutting height, below 
which the native seedlings are damaged or destroyed. 
The effects of mowing treatment on stem density varied between the 
97 /98SEEDMOW site and the 98 "V ARMAX" site. Stem density data on the 97MOW site 
were collected only from the understory vegetation, are not directly comparable to stem 
density from the other sites, and are not considered in the interpretation of the results. On the 
97/98SEEDMOW site, stem abundance was greatest in the 10-35 mowing treatment for 
every plant group category. Apparently, the 10-35 mowing treatment had the effect of 
increasing stem abundance without any differential effects on the different plant groups. 
This is a remarkable result considering that it is generally unrealistic to expect all different 
types of plants to respond similarly to a given mowing treatment. In fact, there was evidence 
of differential effects of the other mowing treatments on the various plant groups. The 5-25 
plots had low annual and perennial stem density but high biennial stem density. The 
unmowed plots had low desirable stem density but high undesirable stem density. Clearly, 
however, the intermediate 10-35 mowing treatment results in the greatest stem density, 
105 
regardless of the plant group category. The 10-35 treatment also resulted in considerably 
less bare soil than the other mowing treatments. It may be that this mowing treatment offers 
the best combination of mowing frequency and cut height to ensure an open canopy (for 
maximum seed germination and seedling establishment) without damaging the young 
seedlings. 
Mowing appears to have its primary effect on species richness. It is assumed, 
therefore, that short and frequent mowing acts as a disturbance, removing a portion of the 
canopy and allowing for seed germination, seedling establishment, and reduced competition 
for prairie seedlings of species that may not otherwise have had the opportunity to become 
established. It is unclear which specific factors caused by mowing are most influential on the 
composition of the reconstructed plant community. Clearly, mowing opens up the canopy 
allowing greater light penetration to the soil. Environmental measures showed that short-
mowed vegetation had more light, warmer temperatures, and drier conditions at the near-
ground level. 
Seeding Effects 
Because the 97MOW site did not involve the application of different seeding 
treatments, the interpretation of the seeding treatment results is restricted to the 
97/98SEEDMOW site and the 98SEEDMOW sites. Because they were planted on the same 
date with the same seed mix and the same set of seeding treatments, the seeding results from 
the "V ARMIN" site are quite similar to those from the "VARMAX" site. For this reason, 
the "V ARMAX" and V ARMIN results will be considered together in the interpretation of 
the seeding treatment results. 
The particular seeding treatment used to establish a new reconstruction appears to be 
an important factor in determining the composition of the plant community. Some of the 
specific seeding treatment results are suspect, however. On the 98SEEDMOW sites, the high 
species richness and stem densities observed in the shallow/surface treatment are probably 
due in part to that treatment having received about 1.5 times as much forb seed as the other 
treatments. However, it is not unreasonable to assume that part of the success of the 
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shallow/surface treatment may also be due to fact that the soil is tilled during the shallow 
planting of the grass seed before the forb seeds are broadcast on the soil surface. For these 
reasons, it is difficult to know how to regard the success of the shallow/surface treatment on 
the 98SEEDMOW sites. 
For the 97 /98SEEDMOW and 98SEEDMOW sites, the effects of seeding treatment 
on species richness were nearly identical to the effects on species diversity (for all species 
and desirable species alone). The vegetation of these sites was still immature enough that the 
different species were well mixed and any effect of seeding on species richness also had a 
corresponding effect on species diversity. The responses of species richness and diversity to 
seeding treatment differed greatly, however, between the 97 /98SEEDMOW and the 
98SEEDMOW sites. On the 97 /98SEEDMOW site, the deep planting treatment generally 
resulted in greater overall richness and diversity. This greater richness and diversity in the 
deep treatment was due, however, primarily to an increase in the number of weedy annual 
species and a decrease in the number of desirable species. On the 98SEEDMOW sites, 
however, the deep planting treatment resulted in the lowest species richness and diversity for 
nearly every plant group category. Species richness on the 98SEEDMOW sites was greatest 
in the shallow/surface treatment, but the validity of this result is suspect because of the error 
while planting. On both the 97 /98SEEDMOW and the 98SEEDMOW sites, the shallow 
seeding treatment appears to have been more successful at establishing a wide variety of 
desirable species than either the deep or the surface seeding treatments. 
On the 98SEEDMOW sites, the deep and surface seeding treatments not only had low 
richness and diversity, but were also comprised of a much less conservative mix of species as 
evidenced by the mean conservativism and floristic quality indices. The shallow/surface 
seeding treatment resulted in the hightest C and FQI but, again, these values are suspect. The 
shallow seeding treatment has the highest C and FQI values, in which I am confident. The 
shallow seeding treatment also had the highest values of C and FQI on the 97 /98SEEDMOW 
site. 
Percent cover and stem density were affected in similar ways to richness, diversity, 
conservativism, and floristic quality. Aside from resulting in the highest native grass percent 
cover and stem density on the 97 /98SEEDMOW site there were no other favorable effects of 
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the deep seeding treatment on desirable species cover or density. Desirable species cover 
and density were greatest in the shallow seeding treatment. 
It is unclear precisely how seeding depth affects the ultimate composition of the plant 
community. It has been acknowledged in the literature that depth of planting is a factor that 
can lead to differences in grass seedling morphology (Percival, 1921; A very, 1930). 
Presumably, depth of planting is also a factor that can affect forb seedling morphology. It is 
a general assumption that large seeds should be planted deeply while small seeds should be 
planted more shallowly. Indeed, on the 97/98SEEDMOW site, the native grasses had 
percent cover and stem density in relative proportion to depth of the planting. However, this 
trend was not observed for the 98SEEDMOW sites. These conflicting results with seed depth 
are not uncommon. There are numerous examples in the literature of varying results of 
forage grass establishment success with seeding depth (Carren et al., 1987; Hudspeth and 
Taylor, 1961; Kinsinger, 1962; Mutz and Scifres, 1975; Tadmor and Cohen, 1968). The 
different responses of grass abundance between different studies and different sites is 
difficult to explain, but is likely related to moisture conditions and countless other factors in 
place at the time of seed germination and seedling establishment. Native forbs on the 
97/98SEEDMOW site were most abundant in the shallow seeding treatment. Native forbs on 
the 98SEEDMOW were most abundant in the shallow seeding treatment if the 
shallow/surface seeding treatment is excluded. The results from the shallow/surface 
treatment are particularly suspect because of a comparison of the native grass and native forb 
abundance results. The shallow/surface treatment resulted in native grass density similar to 
that for the shallow treatment (a result that is expected since both treatments planted native 
grass seed at similar depths and rates). However, the shallow/surface treatment resulted in 
desirable forb density and richness more than twice as great as that for the surface seeding 
treatment. 
On all study sites considered, the shallow seeding treatment consistently resulted in 
high desirable species abundance from a variety of forb and grass species. I believe that the 
shallow seeding treatment is simply the best compromise between the requirement of grass 
seed and forb seed and insures equally well against both wet and dry conditions at the time of 
seed germination and seedling establishment. 
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General Conclusions 
Clearly, both mowing treatment and seeding treatment have large effects on the 
vegetative community of newly-reconstructed prairies. Deep seeding (4-5 cm) can benefit 
native grasses and lead to high species richness in certain instances, but the success of other 
plant groups and quality of the vegetative community are compromised. An intermediate (3 
cm) seeding depth is most successful at fostering high richness and diversity of both native 
grasses and forbs without creating an overly-weedy community. In general, surface sowing 
leads to low richness, diversity, and vegetative quality. The shallow/surface seeding 
treatment shows some promise, but is probably not as effective as other options because the 
forb seed is not buried. More work is needed to determine whether or not this method is 
effective. 
Mowing had strong effects on both first-year and third-year community composition 
of prairie reconstructions. Although O'Keefe (1997) has suggested that the beneficial effects 
of frequent mowing may start to decline about midway through the second growing season, 
short and frequent mowing still had beneficial effects on the third-year 97MOW site, 
although it was mowed only one year. It is likely that mowing affects each prairie 
reconstruction in a slightly different way, depending on age and the dominant weedy cover. 
On a relatively mature (2-3 year old) site, there may be no lower limit on optimum cutting 
height. In fact, there is some evidence to suggest that extremely low (6 cm) cutting heights 
lead to further increases in species richness, diversity, and quality, while controlling the 
spread and dominance of native grasses. Diboll (1984) also suggests that extremely short 
mowing can help control exotic species. Mowing of established sites is typically not done for 
fear of creating a grass-dominated site. These results suggest that that may not be a concern 
if mowing is done short enough. There may, however, be some lower limits on optimum 
cutting height used on first-year reconstructions. Extremely short (5-6 cm) cutting heights 
caused a decrease in richness, diversity, and vegetation quality on a first-year site, 
presumably due to direct damage to seedlings, or by inducing sun-scald and dry soil 
conditions. 
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Given a fixed height after cutting, more frequent mowing (four times per growing 
season) results in greater richness, diversity, and vegetation quality than less frequent 
mowing. Although significant differences are observed with short cutting heights, a short 
maximum height (which equates to frequent mowing) may be even more important to an 
effective mowing treatment. Dwyer et al. (1963) have suggested that mowing frequency may 
be more important than height after cutting. On a newly-reconstructed site, the 10-25, 15-25, 
and 10-35 mowing treatments all resulted in high richness, diversity, and vegetation quality. 
Presumably, the ideal mowing treatment would be one in which the vegetation is 
continuously maintained at about 10-15 cm throughout the growing season. In more 
practical terms, the most beneficial mowing treatment would be one involving multiple 
mowings which maintain the vegetation height within a narrow range between 10 and 25 cm. 
On a 2-3 year old site, the optimum mowing treatment may be one that maintains the 
vegetation at very short heights, between 6 and 25 cm. This may only be feasible, however, 
on small-scale reconstructions using a garden tractor or lawnmower. 
Some of the success of mowing may be attributed to the dominant weedy cover 
present on the site. In particular, foxtail may be quite important in reconstructions. There is 
some evidence that foxtail may act as an important "cover crop" at the time of native 
seedling development, as well as preventing dominance by native grasses on more mature 
sites. Schwarzmeier (1970) has discussed the importance of native seedlings having a 
companion crop that will "hold the interspaces against invasion of serious weeds," but most 
cover crops considered to date have been primarily cool season native grasses. The potential 
importance of foxtail as a natural and free volunteer cover crop has not been considered. 
Also, patterns observed among the vegetation suggest that native species composition is 
closely related to the original site preparation. In areas that were poorly sprayed, or areas 
dominated by woolly cupgrass or fall panicum, little or no prairie species were not found. 
Regardless of the age of the reconstruction or the dominant weed cover, mowing had 
the universal effect of increasing species richness. More frequent and shorter mowing 
generally increases both desirable and undesirable richness, however. More frequent and 
shorter mowing usually increases conservativism, FQI, and desirable diversity as well, 
although the results may be site-specific. On a third-year site, frequent and short mowing 
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has little to no effect on biomass of the various plant groups. Frequent and short mowing 
does, however, tend to increase the quality of the vegetative canopy while decreasing the 
number of stems found in the understory of the canopy. Overall canopy cover was not 
decreased, as was the case for Gibson et al. (1993). 
Mowing has its effects on the plant community by changing the environment of the 
seeds and seedlings. Mowing has the general effect of increasing the proportion of light 
reaching the ground, increasing soil and near-ground air temperature, and decreasing soil 
moisture. It is still unclear which environmental variables are most crucial to inducing the 
successful germination and establishment of prairie species. Because very little mulch or 
litter was produced by any of the mowings, none of the effects of mulch buildup described by 
Weaver and Rowland (1952) are believed to be important factors on newly reconstructed 
prairies. Many authors (such as Rice and Parenti, 1978) have suggested that it is the 
increased soil temperature that results from the removal of vegetation that is the primary 
factor in increasing prairie productivity. It is unclear, however, if this is also the case with 
prairie richness, diversity, and floristic quality. 
To achieve high native species diversity on a new prairie planting, it may be wise to 
tailor the depth of seeding to the individual site. On a lowland site that tends to be 
consistently moist, very shallow planting of all seeds may lead to optimal native diversity 
whereas, on a dry upland site, deeper planting may lead to the greatest native diversity. If 
moisture conditions are unpredictable, a shallow planting depth of all seeds may foster the 
highest native diversity. Although not tested in this study, a planting method in which the 
grass seeds are drilled deeply and the forb seeds are drilled shallowly (using two planting 
passes oriented perpendicular to each other) may also be worth considering. 
It may also be wise to tailor the mowing treatments applied to each site based on 
certain site conditions. Factors such as maturity, the mix of species present, and the 
dominant weedy cover may be important to consider. Mature sites with a good mix of weeds 
and well-established natives may be made more diverse with very close (5 cm) mowing, 
whereas new reconstructions may be made more diverse with frequent mowing where the 
vegetation is cut to a height of about 10 cm. This study suggests that native diversity may 
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still be increased by mowing even beyond the second full growing season of a 
reconstruction. 
The different seeding treatments tested in this study resulted in significant differences 
in the composition of early-reconstruction plant communities. Likewise, the different 
mowing treatments tested resulted in significant differences in the composition of the plant 
communities, particularly with respect to species richness. From this standpoint, the 
objectives of the study were met. Although experimental testing is not always possible, the 
field of prairie restoration will continue to benefit from studies that experimentally test the 
effectiveness of various restoration techniques. 
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APPENDIX A. SEED MIXES FOR THE THREE SITES 
97MOW site 
Amorpha canescens 
Andropogon gerardii 
Anemone virginiana 
Anntenaria neglecta 
Aristida oligantha 
Artemisia ludoviciana 
Asclepias tuberosa 
Asclepias verticillata 
Aster azureus 
Aster laevis 
Aster novae-angliae 
Baptisia lactea 
Baptisia spp. 
Chamaecrista fasciculata 
Ceanothus americanum 
Cirsium discolor 
Coreopsis palmata 
Coreopsis tripteris 
Dalea candida 
Dalea leporina 
Dalea purpurea 
Desmodium illinoense 
Desmodium spp. 
Dicanthelium acuminatum 
Dicanthelium latifolium 
Echinacea pallida 
Elymus canadensis 
Eryngeum yuccifolium 
Eupatorium spp. 
Euthamia graminifolia 
Gaura biennis 
Gentiana alba 
Gnaphalium obtusifolium 
Heliopsis helianthoides 
Helianthus tuberosis 
Hypericum perforatum 
Lespedeza capitata 
Liatris aspera 
Liatris pycnostachya 
Monarda fistulosa 
Muhlenbergia spp. 
Panicum virgatum 
Parthenium integrifolium 
Pycnanthemum spp. 
Pycnanthemum virginianum 
Ratibida pinnata 
Rosa spp. 
Rudbeckia hirta 
Ruellia humilis 
Schizachyrium scoparium 
Senecio spp. 
Silphium integripholium 
Silphium laciniatum 
Silphium perfoliatum 
Solidago rigida 
Sorghastrum nutans 
Sporobolus spp. 
Symphoricarpos spp. 
Teucrium canadense 
Tradescantia ohiensis 
Verbena hastata 
Verbena stricta 
Vernonia spp. 
Veronicastrum virginicum 
plus many weedy species 
97/98SEEDMOW site 
Andropogon gerardii 
Aster spp. 
Bidens polylepis 
Chamaecrista fasciculata 
Elymus canadensis 
Gaura biennis 
Heliopsis helianthoides 
Lactuca canadensis 
Lespedeza capitata 
Monarda fistulosa 
Muhlenbergia spp. 
Oenethera biennis 
Panicum virgatum 
Pycnanthemum virginianum 
Prenanthes racemosa 
Pycnanthemum pilosum 
Ratibida pinnata 
Rudbeckia hirta 
Schizachyrium scoparium 
Solidago rigida 
Sorghastrum nutans 
Sporobolus asper 
Verbena hastata 
Verbena spp. 
Vernonia spp. 
plus many weedy species 
98SEEDMOW sites 
Agalinis tenuiflora 
Amorpha canescens 
Andropogon gerardii 
Asclepias amplexicaulis 
Asclepias tuberosa 
Aster pilosus 
Aster spp. 
Baptisia bracteata 
Baptisia lactea 
Bidens polylepis 
Chamaecrista fasciculata 
Ceanothus herbaceous 
Dalea candida 
Dalea purpurea 
Elymus canadensis 
Eryngeum yuccifolium 
Eupatorium altissimum 
Euphorbia corollata 
Galium spp. 
Gaura biennis 
Gentiana andrewsii 
Gentiana puberula 
Heliopsis helianthoides 
Lactuca canadensis 
Lespedeza capitata 
Liatris aspera 
Lobelia inflata 
Lobelia siphilitica 
Lycopus americanus 
Monarda fistulosa 
Oenethera biennis 
Onesmodium virginianum 
Parthenium integrifolium 
Penstemon digitalis 
Physostegia virginiana 
Prenanthes racemosa 
Ratibida pinnata 
Rudbeckia hirta 
Schizachyrium scoparium 
Scirpus spp. 
Senecio plantensis 
Silphium laciniatum 
Silphium perfoliatum 
Silene stellata 
Solidago rigida 
Sorghastrum nutans 
Sporobolus asper 
Zizea aurea 
plus many weedy species 
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APPENDIXB. ANNUAL/BIENNIAL/PERENNIAL (A,B,P) AND 
DESIRABLE/UNDESIRABLE (D,U) SPECIES DESIGNATIONS. 
Scientific name Common name Scientific name Common name 
Abutilon theophrasti Velvetleaf A u Lobelia inflata Indian Tobacco A D 
Acer sp Maple Tree p u Lonicera dioica Honeysuckle p u 
A chi/lea millefolium Yarrow p u Lotus corniculatus Bird'sFootTrefoil A u 
Agalinis tenuifolia Slnd .FalseFoxglove A D Medicago sativa Alfalfa p u 
Amaranthus retroflex us Pigweed A u Monarda fistulosa Wild Bergamot p D 
Ambrosia artemisiifolia Common Ragwd A u Marus rubra Mulberry p u 
Ambrosia trifida Giant Ragwd A u Muhlenbergia schreberi Nimblewill p u 
Amorpha canescens Lead plant p D Oenothera biennis Evening Primrose B D 
Andropogon gerardii Big bluestem p D Oxalis stricta Yel. Woodsorrel p u 
Apocynum androsaemifolium Spreading dogbane p D Panicum capillare Witch grass A u 
Apocynum cannabinum Dog bane p D Panicum dichotomiflorum Fall Panicum A u 
Aristida oligantha Prairie-3-awn A D Pastinaca sativa Wild Parsnip B u 
Artemisia ludoviciana White Sage p D Phalaris arundinacea Reed's Canary p u 
Asclepias syriaca Com. Milkweed p u Physalis heterophylla Clam.Grnd Cherry p D 
Asc/epias tuberosa Butterfly Milkweed p D Physalis virginiana VA Ground Cherry p D 
Asclepias verticillata Whorled Milkwd p D Plantago lanceolata English Plantain p u 
Aster novae-angliae N. England Aster p D Plantago rugelii Common Plantain p u 
Aster pilosus Hairy Aster p D Paa pratensis KY Bluegrass p u 
Baptisia spp. Baptisia p D Polygon um aviculare Knotweed A u 
Bidens polylepis Bur Marigold A D Polygon um pensylvanicum PA Smartweed A u 
Bouteloua curtipendula Sideoats grama p D Populus deltoides Cottonwood p u 
Brickellia eupatorioides False Boneset p D Potentilla norvegica Cinquefoil B u 
Chamaecrista fasciculata Partridge Pea A D Pru nus sp. Plum Tree p u 
Chenopodium album Lambsquarters A u Pycnanthemum tenuifolium Slender Mt. mint p D 
Cirsium arvense Canada Thistle p u Ratibida pinnata Grey-headConeflwr P D 
Cirsium discolor Field Thistle p D Ru bus strigosis Wild Red Rasp. p u 
Cirsium vulgare Bull Thistle B u Rudbeckia hirta Black-eyed susan B D 
Convolvulus arvensis Field Bindweed p u Rumex crispus Dock p u 
Conyza canadensis Horsetailweed A u Salix sp Willow Tree p u 
Cyperus esculentus Yellow Nutsedge p D Schizachyrium scoparium Little bluestem p D 
Dalea candid a WhitePrairieClover p D Senecio plattensis Ragwort p D 
Dalea purpurea PurplePrairieClover p D Setaria spp. Foxtail A u 
Daucus ca rota Queen Ann.Lace B u Silphium integrifolium Rosinweed p D 
Digitaria sp Crabgrass A u Silphium perfoliatum Cupplant p D 
Echinacea pa/Iida P. Purple Coneflwr p D Solanum americanum Nightshade A u 
Echinochloa crusgalli Barnyardgrass A u Solanum carolinense Horse Nettle p u 
Elymus canadensis Canada Wild Rye p D Solid ago canadensis Canada Goldenrod P D 
Erigeron annuus Daisy Fleabane A D Solidago rigida Stiff Goldenrod p D 
Erigeron philadelphicus Flea bane B D Sonchus asper SpinySowThistle A u 
Eriochloa villosa WoollyCupgrass A u Sonchus oleraceus Com.SowThistle A u 
Eryngium yuccifolium Rattlesnakemaster p D Sorghastrum nutans lndiangrass p D 
Eupatorium altissimum TallBoneset p D Symphoricarpos occidentalis Buckbrush p D 
Euphorbia corolla ta Flowering Spurge p D Taraxacum officinale Dandelion p u 
Euphorbia maculata ProstrateSpurge A u Thlaspi arvense FieldPennycress A u 
Gaura biennis Gaura B D Toxicodendron radicans Poison Ivy p u 
Geum laciniatum Rough Avens p D Tradescantia ohiensis Spiderwort p D 
Gnaphalium obtusifolium Old Field Balsam B D Trifolium pratense Red Clover p u 
Helianthus grosseserratus Sawtooth sunflwr p D Trifolium repens White Clover p u 
Heliopsis helianthoides Oxeye p D Ulmus sp. Elm tree p u 
Hibiscus trionum FlowerOfAn Hour A u Verbena hastata Blue Vervain p D 
Horde um jubatum Foxtail Barley p u Verbena stricta Hoary Vervain p D 
Juniperus virginiana Cedar Tree p u Verbena urticifolia White Vervain A u 
Lactuca canadensis Wild Lettuce B D Vernonia fasciculata lronweed p D 
Lactuca serriola Prickly Lettuce A u Xyris sp Yel-eyed Grass p u 
Lese_edeza capita ta RndHdBushClover p D Zea mar._s Corn A u 
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APPENDIX C. SEED FURROW DEPTHS 
97/98SEED/MOW Site 
SHALLOW/ 
DEEP SHALLOW SURFACE SURFACE 
n=20 n = 25 n= 19 n = 17 
mean = 5.1 cm mean= 3.3 cm mean= 3.4 cm mean = 0.7 cm 
SEM= 0.1 SEM = 0.2 SEM = 0.2 SEM=0.2 
98SEED/MOW Sites 
SHALLOW/ 
DEEP SHALLOW SURFACE SURFACE 
n= 36 n= 36 n= 36 n= 36 
mean = 4.7 cm mean= 3.0 cm mean= 2.5 cm mean = 0.5 cm 
SEM = 0.1 SEM = 0.2 SEM = 0.2 SEM = 0.1 
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APPENDIX D. ALL SPECIES FOUND ON 97MOW SITE. 
Mowing treatments 
Scientific name Common name 6-20 10-25 13-35 Un mow 
Ahulilon theophrasit Velvetleaf x x 
Achillea millefolium Yarrow x 
Ambrosia artemisiifolia Common Ragwd x x x x 
Ambrosia trifida Giant Ragwd x x x x 
Andropogon gerardii Big bluestem x x x x 
Anemone cylindrica Thimbleflower x x 
Apocynum androsaemifolium Spreading Dogbane x x x 
Aristida oligantha Prairie-3-awn x 
Artemisia ludoviciana White Sage x x x 
Aster novae-angliae N. England Aster x x x x 
Aster pilosus Hairy Aster x x x 
Baptisia spp. Baptisia x 
Bid ens polylepis Bur Marigold x x x x 
Bouteloua curtipendula Sideoats grama x 
Brickel/ia eupatorioides False Boneset x x x x 
Chamaecrista fasciculata Partridge Pea x x x x 
Cirsium discolor Field Thistle x x x 
Conyza canadensis Horsetailweed x x x x 
Daucus ca rota Queen Ann.Lace x x x x 
Delphinium virescens Prairie Larkspur 
Desmodium illinoense Tick trefoil x x 
Echinacea pa/Iida P. Purple Coneflwr x x x x 
Elymus canadensis Canada Wild Rye x x x x 
Erigeron philadelphicus Daisy Fleabane x x x x 
Eryngium yuccifolium Rattlesnakemaster x x x 
Eupatorium altissimum TallBoneset x x x x 
Eupatorium serotinum boneset, late x x x x 
Gaura biennis Gaura x x x x 
Ge um laciniatum Rough Avens x x x x 
Helianthus grosseserratus Sawtooth sunflwr x x x x 
Heliopsis helianthoides Ox eye x x x x 
Lespedeza capitata RndHdBushClover x x x x 
Lonicera dioica Honeysuckle x 
Lotus corniculatus Bird'sFootTrefoil x x 
Medicago saliva Alfalfa x x 
Monarda fistulosa Wild Bergamot x x x x 
Marus rubra Mulberry x 
Oxalis stricta Yel. Woodsorrel x x x x 
Physalis heterophyl/a Clam.Grnd Cherry x x x 
Physalis virginiana VA Ground Cherry x x x x 
Plantago lanceolata English Plantain x x x 
Plantago rugelii Common Plantain x 
Potentilla norvegica Cinquefoil x x 
Prune/la vulgaris Heal-all x x 
Prunus sp. Plum Tree x 
Pycnanthemum tenuifolium Slender Mt. mint x x 
Ratibida pinna ta Grey-headConeflwr x x x x 
Rocky Mt. Beeplant?? Rocky Mt Beeplant x x x x 
Rosa sp. Rose, prairie x 
Rudbeckia hirta Black-eyed susan x x x x 
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APPENDIX D. CONTINUED 
Mowing treatments 
Scientific name Common name 6-20 10-25 13-35 Un mow 
Rumex crispus Dock x x 
Sanicula marilandica black snakeroot x x x 
Schizachyrium scoparium Little bluestem x x x x 
Setaria spp. Foxtail x x x x 
Silphium integrifolium Rosinweed x x x x 
Si/phi um /aciniatum Compassplant 
Si/phi um perfoliatum Cupplant x x 
Solan um carolinense Horse Nettle x x x x 
Solid ago canadensis Canada Goldenrod x x x x 
Solid ago rigid a Stiff Goldenrod x x x x 
Sonchus o/eraceus Com.SowThistle x x x x 
Sorghastrum nutans lndiangrass x x x x 
Symphoricarpos occidenta/is Buckbrush x x x 
Taraxacum officina/e Dandelion x x x x 
Tradescantia ohiensis Spiderwort x x x x 
Trifolium pratense Red Clover x 
Ulmus Sp. Elm tree x 
Verbena hastata Blue Vervain x x x 
Verbena stricta Hoary Vervain x x x x 
Verbena urticifolia White Vervain x x x x 
Vernonia fasciculata lronweed x x x x 
53 61 48 51 
species species species species 
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APPENDIXE. 97MOW SITE COMMUNITY INVENTORY 
TREATMENT MEANS. 
MOWING TREATMENT EFFECTS 
6-20 10-25 13-35 Un mowed 
Mean SEM Mean SEM Mean SEM Mean SEM 
Total stems 39.06 2.23 35.78 1.67 34.64 1.48 41.89 2.34 
Ground stems 34.17 1.90 29.69 1.75 30.17 1.29 38.72 2.32 
Annual stems 28.08 1.58 25.81 1.55 25.47 1.08 30.17 1.81 
Perennial stems 3.00 0.39 2.69 0.38 3.64 0.64 2.78 0.31 
Farb stems 15.25 1.77 11 .11 1.48 11 .00 1.29 20.33 2.07 
Desir. forb stems 3.67 0.88 2.17 0.80 2.44 0.44 6.53 1.26 
Grass stems 18.89 0.72 18.56 0.83 19.14 0.64 18.39 0.94 
Desirable stems 3.81 0.91 2.00 0.80 2.50 0.44 6.58 1.26 
Undesirable stems 30.14 1.73 27.58 1.68 27.58 1.37 32.11 1.87 
Total cover 91.17 2.55 84.17 4.35 88.14 2.20 79.83 3.56 
Annual cover 26.39 3.10 28.36 3.50 23.69 3.24 22.53 3.12 
Biennial cover 1.86 0.92 2.28 1.02 1.19 0.80 0.00 0.00 
Perennial cover 62.81 3.87 53.19 3.99 63.11 3.57 57.31 4.88 
Farb cover 32.31 3.08 34.03 3.72 27.69 3.33 24.19 3.19 
Desir. forb cover 26.94 3.02 29.69 3.51 24.89 3.33 16.42 3.23 
Grass cover 58.86 3.59 50.14 3.89 60.44 3.56 55.64 3.44 
Desir. grass cover 57.81 3.82 53.44 3.39 58.50 3.77 51 .00 3.88 
Desirable cover 84.75 3.17 78.08 4.54 83.39 2.66 67.42 4.58 
Undesirable cover 6.42 1.85 6.08 1.29 4.75 1.65 12.42 2.63 
Total richness 10.25 0.47 9.47 0.40 8.81 0.38 8.31 0.33 
Annual richness 3.67 0.17 3.42 0.12 3.17 0.15 3.06 0.13 
Biennial richness 1.14 0.17 0.72 0.12 0.78 0.13 1.08 0.15 
Perennial richness 5.25 0.34 5.25 0.37 4.81 0.31 4.11 0.24 
Farb richness 6.81 0.43 5.94 0.33 5.42 0.31 5.14 0.27 
Desir. forb richness 3.50 0.29 3.11 0.31 3.00 0.28 2.78 0.25 
Grass richness 3.36 0.16 3.50 0.17 3.36 0.17 3.14 0.16 
Desirable richness 5.94 0.37 5.61 0.41 5.42 0.34 4.94 0.33 
Undesirable richness 4.11 0.22 3.78 0.19 3.33 0.17 3.31 0.12 
Canopy richness 5.36 0.27 5.11 0.28 4.56 0.27 4.39 0.20 
Annual can . rich . 1.86 0.12 1.39 0.12 1.33 0.14 1.83 0.13 
Perenn . can. rich . 3.31 0.24 3.22 0.30 3.14 0.22 2.56 0.20 
Farb canopy rich. 2.89 0.24 2.39 0.20 2.11 0.18 1.89 0.14 
Grass canopy rich . 2.44 0.15 2.42 0.20 2.44 0.17 2.50 0.15 
Des. canopy rich. 4.33 0.27 4.17 0.34 4.00 0.22 3.25 0.21 
Und . cano~:t'. rich. 1.00 0.13 0.64 0.09 0.56 0.13 1.14 0.14 
Ground richness 6.03 0.41 5.00 0.28 4.92 0.22 4.94 0.27 
Annual ground rich . 2.56 0.15 2.28 0.15 2.28 0.12 2.22 0.12 
Perenn . ground rich . 2.17 0.24 1.75 0.22 1.86 0.19 1.58 0.15 
Farb ground rich . 4.83 0.38 3.67 0.31 3.86 0.23 3.94 0.25 
Grass ground rich . 1.08 0.09 0.94 0.04 1.00 0.04 0.97 0.06 
Des. ground rich . 2.11 0.24 1.22 0.23 1.72 0.22 1.81 0.24 
Und . ground rich . 3.69 0.24 3.33 0.23 3.11 0.16 3.08 0.14 
Total biomass 173.82 9.60 155.82 7.12 168.34 12.14 174.96 16.51 
Annual biomass 34.94 4.84 35.54 3.67 26.74 4.07 26.59 4.86 
Biennial biomass 1.25 0.85 2.00 1.03 1.87 1.38 0.02 0.02 
Perennial biomass 137.57 12.86 118.28 8.26 139.73 12.77 154.61 19.84 
Farb biomass 26.07 3.17 27.50 3.09 19.60 4.08 20.10 5.32 
Desir. forb biomass 23.15 3.34 23.66 3.01 17.05 4.05 16.89 5.30 
Grass biomass 147.71 11.67 128.31 7.29 148.74 12.52 161 .13 20.40 
Desir. grass biomass 134.24 12.84 115.39 8.20 137.89 12.71 130.55 21.46 
Desirable biomass 157.52 10.36 139.05 8.06 154.94 12.70 161 .95 18.82 
Undesirable biomass 16.24 3.42 16.77 2.75 13.39 2.16 19.28 4.47 
Conservativism(biomass) 3.94 0.20 3.84 0.15 4.17 0.12 4.01 0.24 
Conservativism cover 3.36 0.13 3.24 0.13 3.53 0.14 3.35 0.17 
F I biomass 9.49 0.44 9.05 0.48 9.39 0.41 9.32 0.49 
FQI cover 8.13 0.57 7.62 0.61 8.10 0.42 7.41 0.72 
H' based on quadrats 0.57 0.02 0.49 0.02 0.50 .02 . 51 0 . 
H' based on whole lots 0.68 0.04 0.59 0.04 0.61 0.04 0.59 0.04 
Desir. H quadrats 0.20 0.02 0.14 0.02 0.18 0.0 0.17 0.02 
Desir. H' (~lots) 0.26 0.03 0.20 0.04 0.24 0.05 0.20 0.04 
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APPENDIX F. UNCOMMON SPECIES ABUNDANCE IN 
EACH 97MOW SITE TREATMENT. 
Total# of plants per treatment 
Sc1ent1f1c name Common name 0-20 10-25 13-35 On mow 
Achil/ea millefolium Yarrow 0 0 0 3 
Anemone cylindrica Thimbleflower 1 0 0 1 
Artemisia ludoviciana Sage 3 2 6 0 
Aster novae-angliae New England aster 1 8 4 4 
Baptisia sp. Baptisia 0 2 0 0 
Cleome serrulata Rocky Mt. Beeplant 3 4 1 1 
Cirsium discolor Field thistle 22 14 12 8 
Desmodium illinoense Tick trefoil 0 1 1 0 
Echinacea pa/Iida Purple coneflower 26 10 18 6 
Eryngium yuccifolium Rattlesnake master 0 1 2 1 
Eupatorium altissimum Boneset,tall 3 6 4 15 
Eupatorium serotinum Boneset,late 4 4 4 7 
Gaura biennis Guara 4 2 2 7 
Geum laciniatum Avens 9 8 5 1 
He/iopsis he/ianthoides Ox-eye daisy 12 13 13 17 
Lespedeza capitata Round-head bush clover 21 29 23 18 
Marus sp. Mulberry 0 1 0 0 
Physalis heterophyl/a Ground cherry, (clammy) 1 1 2 0 
Physalis virginia Ground cherry, (virginia) 13 6 10 11 
Plantago lanceolata Plantain, english 6 2 4 3 
Plantago rugelii Plantain, common 0 0 1 0 
Potentil/a norvegica Cinquefoil 1 0 0 
Prune/la vu/garis Heal-all 2 0 0 
Prunus sp. Prunus 0 1 0 0 
Ratibida pinnata Yellow coneflower 12 6 7 14 
Rosa sp. Prairie rose 0 0 0 1 
Rumex crispus Dock 3 1 0 0 
Sanicula marilandica Black snakeroot 0 1 5 2 
Silphium integrifolium Rosinweed 35 35 36 37 
Si/phium perfoliatum Cupplant 0 1 0 1 
Solanum carolinense Horse nettle 1 17 9 21 
So/idago rigida Goldenrod, stiff 29 30 22 23 
Symphoricarpos occidenta/is Buckbrush 0 2 1 0 
Tradescantia ohiensis Spiderwort 4 3 9 4 
Ulmus sp. Elm 0 0 0 1 
Verbena hastata Vervain, blue 0 1 1 2 
Verbena stricta Vervain, hoary 2 5 4 6 
Verbena urticifolia Blue or white vervain mint 23 6 8 12 
Vernonia fasciculata lronweed 31 38 27 26 
Unknown (Coarse ser. vein ) 0 0 1 0 
Unknown (Coars-tooth viol) 0 0 1 0 
Unknown (Nar.-leaf Milkwd) 2 1 3 5 
Unknown (4 whorled leaves) 1 1 0 0 
Unknown (clover-like) 2 0 0 0 
Unknown 0 0 0 1 
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APPENDIX G. 97/98SEEDMOW SITE COMMUNITY INVENTORY 
TREATMENT MEANS. 
SEEDING TREATMENT EFFECTS 
Deep Shallow Shallow/Surface Surface 
Mean SEM Mean SEM Mean SEM Mean SEM 
Total stems 19.95 0.88 19.90 0.76 19.85 0.79 17.13 0.82 
Annual stems 7.95 0.79 5.60 0.40 7.58 0.61 6.15 0.49 
Biennial stems 3.85 0.28 6.61 0.49 5.18 0.41 5.96 0.49 
Perennial stems 7.34 0.37 6.96 0.44 6.41 0.44 4.55 0.29 
Forb stems 14.76 0.87 15.00 0.75 15.08 0.76 14.08 0.85 
Desir. forb stems 4.31 0.30 6.64 0.47 5.56 0.39 6.14 0.47 
Grass stems 5.18 0.29 4 .89 0.33 4.76 0.33 3.04 0.28 
Desir. grass stems 4.76 0.30 4.60 0.32 3.98 0.32 2.41 0.24 
Desirable stems 9.09 0.34 11.24 0.50 9.55 0.46 8.55 0.51 
Undesirable stems 10.05 0.83 7.94 0.49 9.61 0.71 8.11 0.53 
Total cover 107.50 3.29 109.89 4.78 106.95 4.20 112.95 4.88 
Annual cover 65.15 3.71 62.53 3.08 63.91 3.93 64.93 4.09 
Biennial cover 9.10 1.92 23.23 4.40 17.41 3.14 22.20 2.92 
Perennial cover 33.25 3.01 24.14 2.36 25.63 2.51 25.83 2.60 
Forb cover 45.20 3.22 45.56 4.31 48.53 3.87 57.03 4.36 
Desir. forb cover 10.01 1.90 24.66 4.29 18.23 3.18 22.89 2.96 
Grass cover 62.30 2.41 64.33 2.58 58.43 2.26 55.93 2.74 
Desir. grass cover 20.74 2.59 18.44 2.15 15.55 1.95 9.16 1.49 
Desirable cover 30.75 3.34 43.10 4.78 33.78 3.77 32.05 3.43 
Undesirable cover 76.75 3.47 66.79 2.86 73.18 3.64 80.90 4.12 
Bare soil 0.67 0.32 1.75 0.50 0.75 0.35 1.42 0.55 
Total richness 8.94 0.24 8.85 0.24 8.64 0.27 8.63 0.24 
Annual richness 3.95 0.12 3.60 0.13 3.68 0.15 3.45 0.13 
Biennial richness 1.94 0.12 2.66 0.11 2.20 0.11 2.49 0.13 
Perennial richness 2.91 0.12 2.50 0.12 2.61 0.15 2.60 0.13 
Forb richness 6.44 0.20 6.48 0.22 6.34 0.24 6.36 0.22 
Desir. forb richness 2.30 0.14 2.93 0.15 2.68 0.15 2.89 0.15 
Grass richness 2.49 0.08 2.36 0.06 2.29 0.08 2.25 0.07 
Desirable richness 3.31 0.14 3.91 0.14 3.55 0.15 3.70 0.16 
Undesirable richness 5.49 0.17 4 .85 0.18 4.94 0.18 4.84 0.17 
Conservativism(abund) 1.79 0.08 1.92 0.07 1.70 0.09 1.56 0.09 
Conservativism{ cover} 1.08 0.11 1.12 0.10 1.02 0.10 0.75 0.08 
FQl(abundance) 3.12 0.14 3.71 0.14 3.23 0.19 3.03 0.19 
FQl{cover} 1.87 0.19 2.18 0.19 1.93 0.20 1.45 0.16 
H'(based on quadrats) 0.60 0.02 0.57 0.02 0.56 0.02 0.55 0.02 
H'{based on whole plots} 0.66 0.02 0.62 0.03 0.62 0.03 0.61 0.03 
Desir. H' (quadrats) 0.20 0.01 0.23 0.01 0.20 0.01 0.21 0.01 
Desir. H' (plots) 0.22 0.01 0.25 0.01 0.22 0.01 0.22 0.01 
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APPENDIX G. CONTINUED 
MOWING TREATMENT EFFECTS 
5-25 10-35 15-45 Un mowed 
Mean SEM Mean SEM Mean SEM Mean SEM 
Total stems 18.91 0.78 20.96 0.83 18.64 0.77 18.31 0.89 
Annual stems 6.05 0.37 7.85 0.53 6.13 0.46 7.25 0.88 
Biennial stems 5.81 0.38 5.98 0.55 5.06 0.42 4.75 0.36 
Perennial stems 5.58 0.34 7.05 0.49 6.80 0.40 5.84 0.36 
Farb stems 14.99 0.73 15.81 0.80 13.75 0.76 14.36 0.92 
Desir. forb stems 6.04 0.35 6.71 0.55 4.85 0.36 5.05 0.38 
Grass stems 3.91 0.32 5.15 0.38 4.88 0.30 3.93 0.26 
Desir. grass stems 3.01 0.27 4.56 0.38 4.33 0.30 3.85 0.26 
Desirable stems 9.06 0.44 11.28 0.59 9.19 0.37 8.90 0.39 
Undesirable stems 8.38 0.43 9.60 0.54 8.80 0.68 8.94 0.90 
Total cover 91.24 1.38 93.35 1.75 91.51 1.41 161 .19 4.80 
Annual cover 65.08 2.24 54.54 2.45 55.59 2.23 81.31 5.80 
Biennial cover 9.18 1.33 10.85 1.13 8.16 1.07 43.75 5.25 
Perennial cover 16.99 2.07 27.96 2.31 27.76 2.22 36.13 3.37 
Farb cover 32.59 1.92 42.50 2.28 34.85 2.23 86.38 5.11 
Desir. forb cover 10.05 1.42 12.01 1.20 9.91 1.04 43.81 5.25 
Grass cover 58.65 1.75 50.85 2.27 56.66 2.02 74.81 3.06 
Desir. grass cover 6.95 1.07 13.56 1.54 15.19 1.80 28.19 2.92 
Desirable cover 17.00 1.90 25.58 1.98 25.10 1.74 72.00 5.18 
Undesirable cover 74.24 2.08 67.78 2.46 66.41 2.08 89.19 5.74 
Bare soi l 1.63 0.42 0.44 0.20 1.38 0.47 . 
Total richness 10.05 0.24 9.26 0.21 8.24 0.23 7.50 0.21 
Annual richness 4.36 0.11 3.94 0.13 3.53 0.12 2.85 0.11 
Biennial richness 2.64 0.13 2.35 0.11 2.03 0.12 2.28 0.11 
Perennial richness 2.81 0.13 2.93 0.12 2.59 0.12 2.30 0.13 
Farb richness 7.20 0.22 6.84 0.19 6.00 0.23 5.58 0.19 
Desir. forb richness 2.99 0.15 2.85 0.14 2.39 0.14 2.56 0.15 
Grass richness 2.84 0.07 2.43 0.07 2.23 0.05 1.90 0.05 
Desirable richness 3.84 0.16 3.78 0.14 3.36 0.14 3.50 0.15 
Undesirable richness 5.98 0.15 5.44 0.17 4.78 0.16 3.93 0.14 
Conservativism( abund) 1.50 0.07 1.78 0.08 1.87 0.09 1.82 0.09 
Conservativism{ cover} 0.60 0.07 0.95 0.09 1.07 0.09 1.36 0.12 
FQl(abundance) 2.98 0.17 3.42 0.17 3.32 0.15 3.38 0.18 
FQl{cover} 1.20 0.15 1.88 0.19 1.92 0.17 2.43 0.21 
H'(based on quadrats) 0.63 0.02 0.63 0.02 0.53 0.02 0.48 0.02 
H'{based on whole plots} 0.70 0.03 0.70 0.02 0.58 0.02 0.53 0.02 
Desir. H' (quadrats) 0.20 0.01 0.23 0.01 0.19 0.01 0.21 0.01 
Desir. H' (plots) 0.23 0.01 0.26 0.01 0.21 0.01 0.21 0.01 
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APPENDIX H. ALL SPECIES FOUND ON 97/98SEEDMOW SITE. 
Scientific name 
Abutilon theophrasti 
Acer sp 
Agalinis tenuifolia 
Amaranthus retroflexus 
Ambrosia 
Ambrosia 
Andropogon 
Asc/epias 
Asc/epias 
Asc/epias 
Aster 
Bid ens 
Brickellia 
Chamaecrista 
Cirsium 
Cirsium 
Conyza 
Cyperus 
Dal ea 
Daucus 
Echinoch/oa 
Elymus 
Erigeron 
Erigeron 
Euphorbia 
Gaura 
Hibiscus 
Hordeum 
Juniperus 
Lactuca 
Monarda 
Oenothera 
Panicum 
Panicum 
Pastinaca 
Phalaris 
Physalis 
Plantago 
Plantago 
Paa 
Polygon um 
Potentilla 
Ratibida 
Rudbeckia 
Rumex 
Setaria 
artemisiifolia 
trifida 
gerardii 
syriaca 
tuberosa 
verticil/ata 
pilosus 
po/ylepis 
eupatorioides 
fasciculata 
discolor 
vu lg are 
canadensis 
escu/entus 
purpurea 
ca rota 
crusgalli 
canadensis 
annuus 
philadelphicus 
corolla ta 
biennis 
trionum 
jubatum 
virginiana 
serrio/a 
fistu/osa 
biennis 
capillare 
dichotomiflorum 
sativa 
arundinacea 
virginiana 
/anceo/ata 
rugelii 
pratensis 
pensy/vanicum 
norvegica 
pinna ta 
hi rt a 
crisp us 
spp. 
Common name 
Velvetleaf 
Maple Tree 
Slnd.FalseFoxglove 
Pigweed 
Common Ragwd 
Giant Ragwd 
Big bluestem 
Com. Milkweed 
Butterfly Milkweed 
Whorled Milkwd 
Hairy Aster 
Bur Marigold 
False Boneset 
Partridge Pea 
Field Thistle 
Bull Thistle 
Horsetailweed 
Yellow Nutsedge 
PurplePrairieClover 
Queen Ann.Lace 
Barnyardgrass 
Canada Wild Rye 
Daisy Fleabane 
Flea bane 
Flowering Spurge 
Gaura 
FlowerOfAnHour 
Foxtail Barley 
Cedar Tree 
Prickly Lettuce 
Wild Bergamot 
Evening Primrose 
Witchgrass 
Fall Panicum 
Wild Parsnip 
Reed's Canary 
VA Ground Cherry 
English Plantain 
Common Plantain 
KY Bluegrass 
PA Smartweed 
Cinquefoil 
Grey-headConeflwr 
Black-eyed susan 
Dock 
Foxtail 
Mowing Treatments Seeding Treatments 
5-25 10-35 15-45 Unmo. Deep Shal. Sh/Sur Surf. 
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APPENDIX H. CONTINUED 
Mowing Treatments Seeding Treatments 
Scientific name Common name 5-25 10-35 15-45 Unmo. Deep Shal. Sh/Sur Surf. 
Solan um americanum Nightshade x x x x 
Solid ago canadensis Canada Goldenrod x x x x x 
Son ch us o/eraceus Com.SowThistle x x x x x 
Sorghastrum nutans lndiangrass x x x x x x x x 
Taraxacum officinale Dandelion x x x x 
Thlaspi arvense FieldPennycress x x x x x x x 
Tradescantia ohiensis Spiderwort x x 
Trifolium pratense Red Clover x x x x x x x x 
Trifolium re pens White Clover x x x x x x x x 
Triodanis perfoliata Venus'LookinGlass 
Verbascum blattaria Moth mullein 
Verbena hastata Blue Vervain x x x 
Viola sp. Violet species x x 
Xyris sp. Yel-eyed Grass x x x 
40 35 30 36 38 35 35 41 
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APPENDIX I. 98SEEDMOW "V ARMAX" SITE COMMUNITY 
INVENTORY TREATMENT MEANS. 
SEEDING TREATMENT EFFECTS 
Deep Shallow Shallow/Surface Surface 
Mean SEM Mean SEM Mean SEM Mean SEM 
Total stems 21.17 0.61 27.16 0.81 27.94 0.72 26.80 0.75 
Annual stems 11.66 0.63 11.99 0.70 12.05 0.66 14.18 0.71 
Biennial stems 0.17 0.04 0.17 0.04 0.28 0.05 0.18 0.04 
Perennial stems 9.34 0.39 14.99 0.49 15.60 0.52 12.44 0.50 
Forb stems 1.83 0.12 3.05 0.17 3.93 0.23 3.07 0.17 
Desir. forb stems 0.69 0.08 1.21 0.12 2.36 0.20 0.99 0.10 
Grass stems 19.30 0.60 24.02 0.77 23.92 0.68 23.68 0.71 
Desir. grass stems 7.92 0.37 12.45 0.44 12.27 0.44 9.96 0.45 
Desirable stems 8.63 0.38 13.66 0.47 14.65 0.52 10.95 0.48 
Undesirable stems 12.55 0.63 13.50 0.73 13.28 0.66 15.84 0.72 
Bare soil 9.38 1.46 7.45 1.30 7.50 0.97 6.82 1.17 
Total richness 3.73 0.10 4.53 0.12 5.08 0.13 4.31 0.12 
Annual richness 1.49 0.06 1.61 0.07 1.59 0.06 1.55 0.07 
Biennial richness 0.15 0.03 0.16 0.03 0.27 0.04 0.16 0.03 
Perennial richness 2.09 0.07 2.77 0.10 3.21 0.11 2.60 0.10 
Forb richness 1.45 0.09 2.23 0.11 2.76 0.12 2.12 0.11 
Desir. forb richness 0.61 0.06 1.05 0.10 1.71 0.11 0.87 0.08 
Grass richness 2.23 0.05 2.23 0.05 2.23 0.04 2.14 0.04 
Desirable richness 1.63 0.06 2.05 0.10 2.73 0.11 1.87 0.08 
Undesirable richness 2.10 0.08 2.48 0.09 2.34 0.07 2.43 0.08 
Conservativism 2.10 0.09 2.63 0.09 2.78 0.09 2.08 0.09 
FQI 2.62 0.13 3.71 0.16 4.63 0.21 2.85 0.15 
H'(based on quadrats) 0.39 0.01 0.43 0.01 0.47 0.01 0.42 0.01 
H'{based on whole plots} 0.46 0.01 0.52 0.01 0.56 0.01 0.50 0.01 
Desir. H' (quadrats) 0.18 0.01 0.20 0.01 0.25 0.01 0.19 0.01 
Desir. H' (plots) 0.21 0.01 0.23 0.01 0.29 0.01 0.22 0.01 
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APPENDIX I. CONTINUED 
MOWING TREATMENT EFFECTS 
1 O-:; 10-35 10-45 Un mow 
Mean SEM Mean SEM Mean SEM Mean SEM 
Total stems 27.23 0.78 26.06 0.77 25.81 0.70 23.96 0.76 
Annual stems 13.55 0.71 12.85 0.70 12.91 0.64 10.57 0.65 
Biennial stems 0.27 0.05 0.20 0.04 0.16 0.04 0.18 0.04 
Perennial stems 13.41 0.53 13.01 0.55 12.74 0.49 13.20 0.53 
Forb stems 3.41 0.20 2.98 0.20 2.96 0.19 2.54 0.16 
Desir. forb stems 1.68 0.15 1.35 0.16 1.14 0.13 1.08 0.12 
Grass stems 23.77 0.72 23.03 0.73 22.77 0.65 21.35 0.73 
Desir. grass stems 10.64 0.45 10.62 0.47 10.21 0.41 11 .13 0.49 
Desirable stems 12.34 0.51 11.97 0.53 11.35 0.46 12.23 0.53 
Undesirable stems 14.90 0.73 14.08 0.70 14.46 0.65 11.73 0.65 
Bare soil 4.92 0.79 6.25 0.95 11 .17 1.11 72.50 22.50 
Total richness 4.78 0.13 4.51 0.13 4.28 0.12 4.08 0.11 
Annual richness 1.63 0.06 1.66 0.07 1.48 0.06 1.47 0.06 
Biennial richness 0.26 0.04 0.16 0.03 0.14 0.03 0.16 0.03 
Perennial richness 2.90 0.10 2.67 0.11 2.66 0.11 2.44 0.09 
Forb richness 2.48 0.12 2.20 0.12 2.04 0.1 1 1.84 0.11 
Desir. forb richness 1.38 0.10 1.07 0.10 0.94 0.10 0.86 0.08 
Grass richness 2.24 0.05 2.26 0.05 2.16 0.04 2.17 0.04 
Desirable richness 2.39 0.10 2.07 0.10 1.94 0.10 1.88 0.08 
Undesirable richness 2.39 0.08 2.42 0.08 2.34 0.08 2.20 0.08 
Conservativism 2.33 0.10 2.35 0.10 2.27 0.09 2.63 0.09 
FQI 3.67 0.19 3.38 0.19 3.19 0.17 3.56 0.16 
H'(based on quadrats) 0.44 0.01 0.43 0.01 0.43 0.01 0.42 0.01 
H'(based on whole plots} 0.51 0.01 0.51 0.02 0.50 0.01 0.51 0.01 
Desir. H' (quadrats) 0.22 0.01 0.20 0.01 0.20 0.01 0.19 0.01 
Desir. H' {plots) 0.26 0.01 0.24 0.01 0.23 0.01 0.22 0.01 
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APPENDIX J. ALL SPECIES FOUND ON 98SEEDMOW 
"V ARMAX" SITE. 
Mowing Treatments Seeding Treatments 
Scientific name Common name 10-25 10-35 10-45 Unmo. Deep Shal. Sh/Sur Surf. 
Abutilon theophrasti Velvetleaf x x x x x x x x 
Ac hi/lea millefolium Yarrow x x 
Amaranth us retroflexus Pigweed x x x x x x x x 
Ambrosia artemisiifolia Common Ragwd x x x x x x 
Ambrosia trifida Giant Ragwd x x 
Amorpha canescens Lead plant x x 
Andropogon gerardii Big bluestem x x x x x x x x 
Apocynum androsaemifolium Spreading dogbane x x x x x 
Apocynum cannabinum Dog bane x x x x x x x x 
Aristida oligantha Prairie-3-awn x x 
Asclepias syriaca Com. Milkweed x x 
Asclepias tuberosa Butterfly Milkweed 
Aster pilosus Hairy Aster x x x x x x x x 
Baptisia spp. Baptisia x x x x x x x x 
Brickellia eupatorioides False Boneset x x x x x 
Chamaecrista fasciculata Partridge Pea x x x 
Chenopodium album Lambsquarters x x x x 
Cirsium arvense Canada Thistle x x 
Cirsium discolor Field Thistle x x x x x x x x 
Cirsium vu lg are Bull Thistle x x x x 
Convolvulus arvensis Field Bindweed 
Conyza canadensis Horsetailweed x x x x x x x x 
Cyperus esculentus Yellow Nutsedge x x x x 
Dal ea candida WhitePrairieClover x x x x x x x x 
Dal ea purpurea PurplePrairieClover x x x x x x x x 
Daucus ca rota Queen Ann.Lace x x x x x x x 
Digitaria sp Crabgrass x x x x x x 
Echinochloa crusgalli Barnyardgrass x x x x x x x x 
Elymus canadensis Canada Wild Rye x x x x x x x x 
Erigeron annuus Daisy Fleabane x x 
Erigeron philadelphicus Fleabane x x x x x x x x 
Eriochloa villosa WoollyCupgrass x x x x x x x x 
Eupatorium altissimum TallBoneset x x x x x 
Euphorbia corolla ta Flowering Spurge x x 
Euphorbia maculata ProstrateSpurge x x 
Ge um laciniatum Rough Avens x x 
Gnaphalium obtusifolium Old Field Balsam x x 
Juniperus virginiana Cedar Tree x x 
Lactuca canadensis Wild Lettuce 
Lespedeza capita ta RndHdBushClover x x x x 
Lobelia inflata Indian Tobacco x x x x x x x x 
Monarda fistulosa Wild Bergamot x x x x x x x x 
Marus rubra Mulberry x x x x 
Muhlenbergia schreberi Nimblewill x x 
Oenothera biennis Evening Primrose x x x x x x x x 
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APPENDIX J. CONTINUED 
Mowing Treatments Seeding Treatments 
Scientific name Common name 10-25 10-35 10-45 Unmo. Deep Shal. Sh/Sur Surf. 
Oxalis stricta Yel. Woodsorrel 
Panicum capillare Witchgrass x x x x 
Panicum dichotomiflorum Fall Panicum x x x x x x x x 
Physalis heterophylla Clam.Grnd Cherry x x 
Physalis virginiana VA Ground Cherry x x x x x x x x 
Plantago rugelii Common Plantain x x x x 
Polygon um aviculare Knotweed x x 
Polygon um pensylvanicum PA Smartweed x x x x x x x 
Populus deltoides Cottonwood x x x x x x x x 
Pru nus sp. Plum Tree 
Ratibida pinna ta Grey-headConeflwr x x x x x x x x 
Ru bus strigosis Wild Red Rasp. x x 
Rudbeckia hirta Black-eyed susan x x x x x x 
Rumex crisp us Dock x x x x 
Salix sp Willow Tree x x 
Senecio p/attensis Ragwort x x x x 
Setaria spp. Foxtail x x x x x x x x 
Silphium integrifolium Rosinweed 
Solan um americanum Nightshade x x 
Solidago canadensis Canada Goldenrod x x x x x x x x 
Solidago rigid a Stiff Goldenrod 
Sonchus asper SpinySowThistle 
Sonchus o/eraceus Com.SowThistle x x x x x x x x 
Sorghastrum nutans lndiangrass x x x x x x x x 
Symphoricarpos occidentalis Buckbrush 
Taraxacum officinale Dandelion x x x x x x x x 
Toxicodendron radicans Poison Ivy 
Trifolium pratense Red Clover x x x x 
Trifolium re pens White Clover x x 
Ulmus sp. Elm tree x x x 
Verbena hastata Blue Vervain 
Verbena urticifolia White Vervain 
Xyris sp Yel-eyed Grass x x 
Zea mays Corn x x x x x x x x 
48 46 45 35 42 47 44 42 
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APPENDIX K. 98SEEDMOW "V ARMIN" SITE COMMUNITY 
INVENTORY TREATMENT MEANS. 
SEEDING TREATMENT EFFECTS 
Deep Shallow Shallow/Surface Surface 
Mean SEM Mean SEM Mean SEM Mean SEM 
Total stems 21.98 0.86 27.77 0.74 26.88 0.75 24.90 0.74 
Annual stems 11.14 0.85 11.93 0.83 10.06 0.78 11.30 0.83 
Biennial stems 0.27 0.05 0.25 0.05 0.30 0.06 0.20 0.04 
Perennial stems 10.57 0.47 15.59 0.55 16.51 0.56 13.40 0.60 
Farb stems 1.80 0.15 2.21 0.17 3.55 0.23 2.53 0.18 
Desir. forb stems 0.69 0.08 1.07 0.11 2.35 0.21 0.89 0.09 
Grass stems 20.13 0.86 25.52 0.73 23.27 0.74 22.32 0.72 
Desir. ~rass stems 9.63 0.45 14.05 0.52 13.68 0.48 11.68 0.56 
Desirable stems 10.33 0.47 15.13 0.54 16.03 0.56 12.58 0.61 
Undesirable stems 11 .65 0.84 12.64 0.82 10.85 0.77 12.32 0.84 
Bare soil 9.88 1.50 4.29 0.66 5.71 0.95 4 .94 0.68 
Total richness 3.70 0.10 3.98 0.14 4.65 0.15 3.99 0.12 
Annual richness 1.62 0.07 1.45 0.08 1.54 0.08 1.47 0.08 
Biennial richness 0.23 0.04 0.23 0.04 0.25 0.04 0.19 0.04 
Perennial richness 1.85 0.08 2.30 0.11 2.87 0.12 2.33 0.09 
Farb richness 1.46 0.10 1.84 0.13 2.48 0.13 1.89 0.12 
Desir. forb richness 0.65 0.07 0.99 0.10 1.54 0.11 0.86 0.09 
Grass richness 2.20 0.05 2.10 0.04 2.12 0.05 2.04 0.04 
Desirable richness 1.66 0.07 1.99 0.10 2.54 0.11 1.87 0.09 
Undesirable richness 2.04 0.08 1.99 0.10 2.12 0.09 2.13 0.09 
Conservativism 2.54 0.11 2.90 0.11 3.30 0.11 2.66 0.12 
FOi 3.28 0.18 4.02 0.20 5.28 0.24 3.65 0.20 
H'(based on quad rats) 0.38 0.01 0.37 0.01 0.43 0.01 0.38 0.01 
H'{based on whole plots} 0.47 0.02 0.44 0.01 0.51 0.02 0.46 0.01 
DESIR. H' (QUADRATS} 0.17 0.01 0.18 0.01 0.23 0.01 0.17 0.01 
DESIR. H' (PLOTS} 0.20 0.01 0.21 0.01 0.27 0.01 0.20 0.01 
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APPENDIX K. CONTINUED 
MOWING TREATMENT EFFECTS 
15-25 8-35 15-35 Un mowed 
Mean SEM Mean SEM Mean SEM Mean SEM 
Total stems 25.30 0.82 25.49 0.78 26.18 0.84 24.55 0.76 
Annual stems 10.95 0.77 11 .38 0.85 12.49 0.85 9.63 0.80 
Biennial stems 0.25 0.04 0.25 0.05 0.21 0.05 0.30 0.06 
Perennial stems 14.11 0.54 13.87 0.52 13.47 0.53 14.63 0.74 
Farb stems 2.54 0.21 2.40 0.17 2.72 0.19 2.43 0.21 
Desir. forb stems 1.29 0.16 1.11 0.12 1.28 0.13 1.33 0.17 
Grass stems 22.72 0.80 23.04 0.77 23.40 0.84 22.08 0.73 
Desir. grass stems 12.33 0.48 12.20 0.47 11.57 0.48 12.95 0.65 
Desirable stems 13.63 0.54 13.31 0.50 12.85 0.53 14.28 0.73 
Undesirable stems 11.68 0.77 12.18 0.84 13.33 0.85 10.28 0.78 
Bare soil 6.88 1.10 6.03 0.82 5.71 0.72. 
Total richness 4.15 0.14 3.99 0.13 4.15 0.12 4.03 0.15 
Annual richness 1.56 0.08 1.49 0.08 1.54 0.07 1.47 0.07 
Biennial richness 0.24 0.04 0.21 0.04 0.19 0.04 0.27 0.05 
Perennial richness 2.35 0.11 2.29 0.10 2.42 0.10 2.29 0.12 
Farb richness 1.94 0.13 1.85 0.12 2.02 0.12 1.87 0.14 
Desir. forb richness 1.05 0.10 0.93 0.09 1.04 0.09 1.02 0.11 
Grass richness 2.17 0.05 2.09 0.05 2.08 0.03 2.12 0.05 
Desirable richness 2.06 0.10 1.94 0.10 2.04 0.09 2.02 0.11 
Undesirable richness 2.09 0.10 2.05 0.09 2.12 0.09 2.01 0.09 
Conservativism 2.87 0.10 2.86 0.12 2.63 0.11 3.04 0.13 
FQI 4.10 0.21 3.96 0.20 3.82 0.22 4.36 0.24 
H'(based on quadrats) 0.40 0.01 0.38 0.01 0.41 0.01 0.37 0.01 
H'{based on whole plots} 0.48 0.02 0.45 0.01 0.48 0.02 0.47 0.01 
DESIR. H' (QUADRATS) 0.19 0.01 0.18 0.01 0.20 0.01 0.18 0.01 
DESIR. H' (PLOTS) 0.23 0.01 0.21 0.01 0.23 0.01 0.22 0.01 
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APPENDIX L. ALL SPECIES FOUND ON 98SEEDMOW 
"V ARMIN" SITE. 
Mowing Treatments Seeding Treatments 
Scientific name Common name 8-35 15-35 15-25 Unmo. Deep Sha I. Sh/Sur Surf. 
Abuti/on theophrasti Velvetleaf x x x x x x x x 
A chi/lea milfefolium Yarrow 
Amaranth us retroflex us Pigweed x x x x x x x x 
Ambrosia artemisiifolia Common Ragwd x x x x 
Ambrosia trifida Giant Ragwd 
Amorpha canescens Lead plant x x 
Andropogon gerardii Big bluestem x x x x x x x x 
Apocynum androsaemifolium Spreading dogbane x x 
Apocynum cannabinum Dog bane x x x x x x x 
Aristida oligantha Prairie-3-awn 
Asclepias syriaca Com. Milkweed 
Asclepias tuberosa Butterfly Milkweed x x 
Aster pilosus Hairy Aster x x x x x x x x 
Baptisia spp. Baptisia x x x x x x x x 
Brickellia eupatorioides False Boneset x x x x x x x 
Chamaecrista fasciculata Partridge Pea x x x x x 
Chenopodium album Lambsquarters x x x x 
Cirsium arvense Canada Thistle x x 
Cirsium discolor Field Thistle x x x x x x x 
Cirsium vu lg are Bull Thistle 
Convolvulus arvensis Field Bindweed x x x x 
Conyza canadensis Horsetailweed x x x x x x x x 
Cyperus esculentus Yellow Nutsedge 
Dal ea candida WhitePrairieClover x x x x x x x x 
Oalea purpurea PurplePrairieClover x x x x x x x x 
Daucus ca rota Queen Ann.Lace x x x x x x x x 
Oigitaria sp Crabgrass x x 
Echinochloa crusgalli Barnyardgrass x x x x x x x x 
Elymus canadensis Canada Wild Rye x x x x x x x x 
Erigeron annuus Daisy Fleabane x x 
Erigeron philadelphicus Flea bane x x x x x x x x 
Eriochloa vi/losa WoollyCupgrass 
Eupatorium altissimum TallBoneset x x x x 
Euphorbia corolla ta Flowering Spurge x x x x x 
Euphorbia maculata ProstrateSpurge 
Ge um laciniatum Rough Avens 
Gnaphalium obtusifolium Old Field Balsam 
Juniperus virginiana Cedar Tree 
Lactuca canadensis Wild Lettuce x x 
Lespedeza capita ta RndHdBushClover 
Lobelia inf/a ta Indian Tobacco x x x x x 
Monarda fistulosa Wild Bergamot x x x x x x x x 
Marus rubra Mulberry x x 
Muhlenbergia schreberi Nimblewill x x 
Oenothera biennis Evening Primrose x x x x 
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APPENDIX L. CONTINUED 
Mowin9 Treatments Seedin9 Treatments 
Scientific name Common name 8-35 15-35 15-25 Unmo. Deep Shal. Sh/Sur Surf. 
Oxalis stricta Yel. Woodsorrel x x 
Panicum capillare Witchgrass x x x x 
Panicum dichotomiflorum Fall Panicum x x x x x x x x 
Physalis heterophyl/a Clam.Grnd Cherry 
Physa/is virginiana VA Ground Cherry x x x 
Plantago rugelii Common Plantain x x 
Polygon um aviculare Knotweed x x 
Polygon um pensylvanicum PA Smartweed x x x x x x x x 
Popu/us deltoides Cottonwood x x x x x x x x 
Pru nus sp. Plum Tree x x x x 
Ratibida pinna ta Grey-headConeflwr x x x x x x x x 
Ru bus strigosis Wild Red Rasp. 
Rudbeckia hirta Black-eyed susan x x x x x x x 
Rumex crispus Dock x x x x 
Salix sp Willow Tree x x 
Senecio plattensis Ragwort x x 
Setaria spp. Foxtail x x x x x x x x 
Si/phium integrifolium Rosinweed x x 
Solan um americanum Nightshade 
Solidago canadensis Canada Goldenrod x x x x x x x x 
So/idago rigid a Stiff Goldenrod x x x x 
Sonchus asper SpinySowThistle x x 
Sonchus o/eraceus Com.SowThistle x x x x x x x x 
Sorghastrum nutans lndiangrass x x x x x x x x 
Symphoricarpos occidentalis Buckbrush x x x x 
Taraxacum officinale Dandelion x x x x x x x x 
Toxicodendron radicans Poison Ivy x x 
Trifo/ium pratense Red Clover 
Trifolium re pens White Clover 
Ulmus sp. Elm tree x x 
Verbena hastata Blue Vervain x x 
Verbena urticifolia White Vervain x x x 
Xyris sp Yel-eyed Grass 
Zea mays Corn x x x x x x x x 
42 43 35 37 42 34 40 38 
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